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Contact: bejohnson@stanford.edu 
Lab: Goodman 
The Ensemble of BK Channel Splice Variants in Caenorhabditis elegans
Brandon Johnson1, Richard Aldrich2, Miriam Goodman1
1Stanford University, Stanford, CA, 2University of Texas, Austin, TX
Large-conductance, Ca2+- and voltage-activated potassium (BK) channels regulate 
many functions including neurotransmitter release at the neuromuscular junction (NMJ). 
The pore-forming subunit of BK channels is transcribed from a single gene, slo-1, 
which encodes multiple isoforms through alternative splicing.  To better understand 
how splicing affects BK channel function, we sought to identify and characterize all 
slo-1 splice variants from a single organism.  As the number of potential splice variants 
exceeds 1,000 for flies and mammals, we focused on C. elegans in which slo-1 contains 
three splice sites and only 12 possible splice variants.  Using standard techniques in RT-
PCR and restriction digestion, we developed a novel method to determine which of the 
possible combinations of alternative exons are expressed as unique splice variants.  We 
identified all twelve predicted slo-1 splice variants; this set includes three previously 
reported variants and nine new ones.
To determine how alternative splicing affects BK channel function, we are measuring 
the Ca2+- and voltage-dependence of each splice variant expressed in heterologous cells. 
These isoforms show a range of apparent Ca2+ and voltage sensitivities, supporting the 
idea that alternative splicing is a mechanism to regulate BK channel activation in diverse 
cell types.
We identified a slo-1 allele (pg34) that encodes a single amino acid substitution in an 
alternatively spliced exon, which affects eight of the 12 slo-1 splice variants. Intriguingly, 
we find that this mutation has a minor effect on channel function in one isoform, while 
significantly altering channel activity in another isoform.  pg34 mutants are hypersensitive 
to paralysis induced by an acetylcholine esterase inhibitor (aldicarb), but show wild-type 
sensitivity to an acetylcholine receptor agonist, levamisole.  Thus, pg34 is likely to act 
presynaptically at the NMJ.  Together, these data suggest that pg34 reduces but does not 
eliminate channel activity in slo-1 splice variants needed for proper BK channel function 
at the neuromuscular junction.
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Phosphorylation of the Slo-1 Potassium Channel Is Essential for C. elegans 
Locomotor Response to Ethanol
Shilan Wu, Laiji Ma, Erica Scappini , David Armstrong
National Institute of Environmental Health Sciences, Research Triangle Park, 
NC, USA
Ethanol is a widely used and abused drug, but the molecular mechanisms that drive 
its acute behavioral effects are not understood. Ethanol exposure alters the behavior of 
invertebrates and mammals, suggesting the existence of conserved ethanol targets in 
the nervous system. Genetic studies of ethanol action on locomotion in C. elegans have 
identified Slo-1 as a potential target of ethanol action (Davies 2003 Cell 115:655). Slo-1 
has been shown to encode a calcium-activated, large-conductance, potassium-selective 
channel called BKca. When the slo-1 gene was deleted from neurons, the animals were 
resistant to ethanol concentrations up to 500 mM. Other genetic studies in mice and 
Drosophila have also identified the Gs-cAMP-PKA signaling system as an antagonist 
of ethanol action. Previous unpublished work in our laboratory had demonstrated that 
the S/T protein phosphatase, PP1 is required for the effects of ethanol on recombinant 
mammalian BKca activity. To further study the molecular mechanisms of Slo-1 potassium 
channel in response to ethanol in C. elegans, we have expressed the C. elegans slo-1A 
gene in a heterologous system. It behaved like the mammalian ZERO isoform in that 
it was stimulated by PKA and inhibited by ethanol. Motif Scan software identifies 
several putative PKA phosphorylation sites in the Slo-1A protein, and site-directed 
mutagenesis of S744 eliminated the response to ethanol. Although the effects of ethanol 
on wild type channel activity are significant, they are fairly small, ~37% change in peak 
current. Nevertheless, mutation of S744 had dramatic effects on the worms’ behavioral 
sensitivity to ethanol. As reported previously, the slo-1 knockout animals were impervious 
to ethanol. However, expression of the wild type construct that we had characterized 
electrophysiologically fully restored the effect of alcohol on the worms’ locomotor 
activity. In contrast, the worms that express the mutant S744A slo-1 protein remain 
impervious to ethanol.  Similarly, inhibition of neuronal protein phosphatase 1 activity 
by overexpression of a mammalian inhibitor 2 protein made the worms impervious to 
ethanol at 500 mM, suggesting the PP1 activity is also important for ethanol response in 
C. elegans. Thus, we hypothesize that PP1 is the molecular target of ethanol in the brain 
and future studies will examine the mechanism of this effect and its relevance to other 
channels that are regulated by ethanol in the mammalian central nervous system. 
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Contact: abendesky@rockefeller.edu 
Lab: Bargmann 
Evolutionary and Molecular Basis of C. elegans Hermaphrodite Leaving 
Behavior
Andres Bendesky1, Matt Rockman2, Cori Bargmann1
1Rockefeller University/HHMI, New York, NY, USA, 2Lewis-Sigler Institute 
Princeton University, Princeton, NJ, USA
Animals feeding on a patchy environment must choose when to leave the 
patch they are currently foraging in to move on to the next (Charnov, 1976). 
Male patch leaving behavior is also involved in mate searching and has been studied in 
more detail than hermaphrodite leaving (Lipton et al, 2004). 
In order to gain some understanding of the evolutionary basis of hermaphrodite leaving 
behavior, we analyzed different wild strains of C. elegans. We found that CB4856 leaves 
a lawn of bacteria much more frequently than the Bristol N2 strain does. We performed 
QTL analysis using recombinant inbred lines of an advanced intercross of these two strains 
and found two significant QTLs, one in chromosome X, centered around npr-1, and one 
on the right arm of chromosome IV. We are currently following up on those results. 
To understand leaving behavior further, we have analyzed mutants for chemosensation 
(che-2, tax-4, osm-9;ocr-2), modulatory amines (cat-2, tph-1, tbh-1, tdc-1), or 
neurotransmitter release (eat-4). tdc-1, which disrupts tyramine and octopamine 
production, showed a modest increase in leaving, while eat-4, which impairs glutamate 
release, had a very strong tendency to leave the lawn. This phenotype could be rescued 
completely by restoring eat-4 to AWC olfactory neurons while, interestingly, restoring 
eat-4 to ASK in addition to AWC had a much weaker rescue. These results suggest that 
AWC and ASK have antagonistic roles on leaving behavior: AWC prevents leaving and 
ASK promotes leaving. 
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Contact: africa@mrc-lmb.cam.ac.uk 
Lab: de Bono 
Molecular and neural mechanims underlying C. elegans oxygen response
Africa Couto, Mario de Bono
MRC Laboratory of Molecular Biology
C. elegans lives in decaying organic material where oxygen levels can vary from 21% 
to close to 0% across short distances and over brief time periods. When at atmospheric 
oxygen levels worms burrow, accumulate where food is thick and aggregate into 
groups. In part these behaviors reflect avoidance of high ambient oxygen. A forward 
genetic screen for C. elegans mutants defective in aggregation yielded more than 50 
complementation groups. Several of these have defined mutations in genes regulating 
oxygen responsiveness, including the atypical soluble guanylate cyclases gcy-35 and 
gcy-36 that act as oxygen sensors. We have characterized two additional loci that disrupt 
a pair of novel genes. Mutations in either locus are associated with defects in responses 
to ambient oxygen changes. However, these animals show wild type responses in a 
series of chemosensory paradigms and have no gross abnormalities in the anatomy and 
development of their nervous systems, all of which suggests that the defects in oxygen 
sensing are fairly specific. We have analysed the pattern of expression of both genes 
and identified the neurons where they are expressed. Further behavioral and genetic 
analyses of these two mutants may reveal new molecular an neural mechanisms for 
oxygen sensation and response.
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Lab: Alkema 
Investigating the Role of Tyramine G-protein receptor signaling in C. 
elegans Locomotion Behavior
Jamie Donnelly, Mark Alkema
University of Massachusetts Medical School
The biogenic amine tyramine has been shown to regulate the suppression of head 
oscillations in response to touch and modulate egg laying and reversal behavior in C. 
elegans.  Wild-type worms become immobilized, in a dosage dependent manner, when 
placed on plates containing exogenous tyramine. This indicates that tyramine modulates 
locomotion behavior. 
To identify genes required for the tyraminergic control of locomotion, we took a 
candidate gene approach. C. elegans has three known tyramine G-protein coupled 
receptors, SER-2, TYRA-2, and TYRA-3.   We found that ser-2 mutants are partially 
resistant to exogenous tyramine.  The G-protein signaling mutants goa-1/Gαo, egl-30(gf)/
Gαq, dgk-1, gpb-2, and eat-16 are also resistant to exogenous tyramine, indicating that 
SER-2 acts through the GOA-1 pathway to modulate locomotion.  In addition, we found 
that ser-2 mutants are hypersensitive to the acetylcholinesterase inhibitor aldicarb, yet 
display normal sensitivity to the cholinergic receptor agonist levamisole, suggesting 
SER-2 inhibits acetylcholine release. However, unlike GOA-1 pathway signaling 
mutants, ser-2 mutants do not have obvious defects in locomotion. We are further 
analyzing ser-2 mutants for subtle defects in locomotion patterns. A ser-2::GFP reporter 
has been shown to be expressed in head muscles, head neurons, and a subset  of ventral 
cord motorneurons. To determine the identity of these ventral cord motorneurons we 
are crossing a ser-2::mCherry strain with GABAergic- and cholinergic-GFP reporter 
strains. These experiments should allow us to perform cell-specific rescue experiments 
and define neural circuits in which SER-2 acts to modulate locomotion. 
To identify additional genes that function in tyraminergic signaling pathways, we 
conducted a genetic screen for mutants that are resistant to the immobilizing effects of 
exogenous tyramine.  We isolated 15 tyramine-resistant mutants, which we are currently 
characterizing and mapping to chromosomal intervals.  We hope that the analysis of 
these mutants will provide new insights into tyraminergic modulation of locomotion 
behavior in C. elegans. 
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Contact: bgaertner@uoneuro.uoregon.edu 
Lab: Lockery 
Physiology and Genetics of Natural Variation in Thermal Preference in C. 
elegans
Bryn Gaertner1, Michelle Parmenter1, Jennifer Anderson1, Matt Rockman2, Leonid 
Kruglyak3, Shawn Lockery1, Patrick Phillips1
1University of Oregon, Eugene, OR, United States, 2New York University, New 
York, NY, United States, 3Princeton University, Princeton, NJ, United States
The ability to navigate a thermal gradient has clear implications for survival in a 
natural environment, especially for ectotherms. The nematode C. elegans can navigate 
a thermal gradient, but in a laboratory setting using the common N2 laboratory strain, 
there are conflicting data regarding the ability of the worm to navigate up and down a 
thermal gradient, with or without food, and its dependence on cultivation temperature. 
Here, we show that natural isolates can be used to clarify our understanding of thermal 
preference. 
Our previous work has shown a large difference in thermal preference between the 
standard lab strain N2 and the Hawaiian strain CB4856: the former shows a weak thermal 
preference response while the latter shows a clear cryophilic response (Anderson et al. 
2007). We have been using recombinant inbred lines (RILs) between N2 and CB4856 
to identify the genetic basis of these different dispersion behaviors. In a preliminary 
phenotypic analysis of 20% of these lines 239 lines, we found clear differences in mean 
preferred temperature (F84,41 = 20.33; p<0.0001). We also found a strong indication of 
co-localization of QTLs with some of the 1,400 genetic markers identified in these lines, 
although significant mapping results await the phenotyping of additional lines. 
Because differences in thermal preference found within N2 could be the result of 
adaptation to laboratory conditions, we are also mapping genetic differences in thermal 
preference among divergent natural isolates. In this case, we can also demonstrate 
important differences in the fitness consequences of strain-specific thermal preference. 
Here, we plan to combine bulk segregant analysis with single-worm tracking, neuronal 
calcium imaging, and other fine-scale phenotypic analyses to reveal the causes of 
differences in thermal preference. These studies should help to understand how C. elegans 
navigates a thermal gradient, and to refine the existing regulatory model of 
thermotaxis. 
Anderson, J.L., L. Albergotti, S. Proulx, C. Peden, R.B. Huey, and P.C. Phillips. 2007. Thermal preference 
in Caenorhabditis elegans: a null model and empirical tests. Journal of Experimental Biology 
210:3107-3116. 
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The Effects of Dopamine on the Quiescence of Dauer Larvae
Marta Gaglia, Cynthia Kenyon
University of California, San Francisco, San Francisco, CA, USA
Dauer larvae display characteristic locomotory quiescence. It is not known whether 
the suppression of movement in dauer larvae is a passive consequence of morphological 
remodeling and cessation of food intake, or an active process aimed at reducing energy 
expenditure. We asked whether dauer quiescence is a regulated process and whether 
the neurotransmitter dopamine is involved in its regulation, and found that changes in 
dopamine signaling can increase dauer movement. To examine the locomotory quiescence 
separately from the decision to arrest in the dauer stage, we looked at the movement of 
adult animals with mutations in the daf-2/Insulin/IGF receptor-like (InsR) gene. Besides 
causing constitutive dauer formation at 25°C, daf-2(e1370) mutations also lead to a 
reversible quiescent state when adult animals are transferred to 25°C, as described by 
Gems et al. (1998). Changes in dopamine signaling can increase daf-2(e1370) dauer and 
adult movement in a similar fashion, suggesting that indeed daf-2/InsR mutant adults are 
replicating some dauer-like behaviors. Dopamine signaling appears to affect daf-2/InsR 
mutant adult quiescence by influencing the way the animals recover from stimulation, 
rather than affecting spontaneous movement. Some of the mutations and treatments may 
do so by mimicking food withdrawal. However, we also have evidence that long-term 
dopamine exposure can increase movement without affecting food-related behaviors 
in daf-2(e1370) adults. This resembles the effect of dopamine on locomotion in other 
organisms, but is surprising, because in wild-type worms acute dopamine exposure causes 
paralysis. We then asked how dopamine signaling interacts with daf-16/FOXO mutations, 
which suppress daf-2/InsR mutant quiescence (Gems et al. 1998). Expression of daf-16/
FOXO in the neurons is sufficient for the animals to become quiescent, but daf-16/
FOXO and dopamine signaling mutations have additive effects. Moreover, daf-16/FOXO 
mutations affect spontaneous movement rates rather than recovery from stimulation. 
Therefore daf-16/FOXO and dopamine mutations are likely to act in separate pathways. 
Our data suggest that dauer quiescence is a regulated process and that changes in dopamine 
signaling can either reverse or override the suppression of movement in dauer larvae. 
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Validating a Multi-Worm Tracker for use in a Genetic Screen for Abnormal 
Habituation in C. elegans
Andrew Giles1, Nicholas Swierczek2, Rex Kerr2, Catharine Rankin1
1University of British Columbia, Vancouver, BC, Canada, 2Janelia Farm 
Research Campus (HHMI), Ashburn, VA, USA
Habituation is the gradual decrease in the behavioral response to an irrelevant stimulus. 
It is a fundamental form of learning in which organisms stop responding to stimuli that 
do not have significant consequences; this allows them to reserve their energy to respond 
to stimuli that predict biologically relevant consequences. The cellular and molecular 
mechanisms that mediate this form of learning are not well-understood. C. elegans can 
be used as a model to study this because their response to a non-localized tap (called the 
tap withdrawal response) has been shown to habituate (Rankin et al. 1990). Conducting 
a large scale genetic screen would be beneficial in order to identify a number of novel 
genes that play a role in habituation. Until now this has been a daunting task because it 
takes a long time to analyze an individual strain (approx. 40 hours by manual behavioural 
analysis; 6 hours using an automated system that tracks individual worms). The Kerr 
lab has developed a system that is capable of simultaneously analyzing the habituation 
of multiple worms (as many as 50 reliably) in real-time. This lowers the time needed 
to assess an individual strain to 10 minutes, making a genetic screen for habituation 
feasible. Prior to conducting a screen it is important to validate the system to be sure 
it will properly identify habituation abnormalities. We have validated the system by 
demonstrating a number of essential habituation characteristics, such as the interstimulus 
interval dependence on both the rate and asymptotic level of habituation in wild-type 
worms (Rankin and Broster 1992). We have also tested several previously identified 
mutants, such as dop-1 and cat-2, which show altered short-term habituation (Sanyal et 
al. 2004) and found that the system is capable of reproducing the same phenotypes as 
previously reported. We are currently optimizing the system for use in a genetic screen 
to identify genes that affect different characteristics of habituation. 
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Lab: Komuniecki 
Five different amine receptors contribute to the dual excitatory and 
inhibitory serotonergic inputs that modulate egg-laying in Caenorhabditis 
elegans
Vera Hapiak1, Robert Hobson2, Katherine Smith1, John Gray1, Richard 
Komuniecki1
1University of Toledo, 2University of Utah
Serotonin (5-HT) regulates key processes in both vertebrates and invertebrates. 
Previously, four distinct 5-HT receptors were identified in Caenorhabditis elegans that 
contributed to the 5-HT modulation of egg-laying. In the present study, we examined 
the roles of these receptors in egg-laying using animals containing combinations of 
null alleles and identified an additional amine receptor modulating 5-HT stimulated 
egg-laying. 5-HT did not stimulate egg-laying in ser-7 ser-1 mutants and ser-7 ser-1 
animals retained more eggs than wild-type animals. In contrast, 5-HT stimulated egg-
laying in ser-4;mod-1 mutants was greater than in wild-type animals and ser-4;mod-1 
animals retained fewer eggs than wild-type animals. Surprisingly, ser-4;mod-1;ser-7 
ser-1 quadruple null animals retained the same number of eggs as wild-type animals and 
exhibited significant 5-HT stimulated egg-laying, suggesting that the failure of 5-HT to 
stimulate egg-laying in ser-7 ser-1 animals was in part the result of inhibition mediated 
by ser-4 and mod-1. This 5-HT stimulated egg-laying in ser-4;mod-1;ser-7 ser-1 animals 
was dependent on a previously uncharacterized G-protein coupled receptor, F16D3.7. 
Although 5-HT stimulated egg-laying was similar in f16d3.7(tm2654) and wild-type 
animals, 5-HT stimulated egg-laying was absent in f16d3.7;ser-4;mod-1;ser-7 ser-1 
quintuple mutant animals and these animals retained more eggs than either wild-type 
or ser-4;mod-1;ser-7 ser-1 animals. The 5-HT sensitivity of egg-laying in f16d3.7;ser-
4;mod-1;ser-7 ser-1 animals could be restored by the expression of pmyo-3::f16d3.7 in 
muscle. These results highlight the complex excitatory and inhibitory serotonergic inputs 
that modulate egg-laying in C. elegans. 
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Anti-hunger (Food) signaling in Caenorhabditis elegans
Chanhee Kang, Leon Avery
University of Texas Southwestern Medical Center, Dallas, Texas
When the supply of environmental nutrients is limited, multicellular animals can 
make both physiological (e.g. metabolic rate, respiratory quotient, energy expenditure, 
autophagy) and behavioral (e.g. feeding rates, foraging behavior) changes so as to cope 
with nutrient starvation. In Caenorhabditis elegans, for example, autophagy is induced 
to promote survival by providing a source of metabolic substrates to maintain energy 
homeostasis during starvation. Furthermore, C. elegans increases pharyngeal pumping 
rate and locomotory rate in response to starvation, thereby increasing the chance to find 
a new source of food. Although physiological and behavioral effects of starvation are 
well known, the mechanism by which animals sense starvation remained elusive until 
recently. Furthermore, what constituent of food and how it modulates starvation response 
is still poorly understood. In this study, we use a gpb-2 mutant strain that is starvation-
hypersensitive due to failure to downregulate starvation signaling as a model system to 
identify molecules and mechanisms that modulate starvation signaling. We found that 
specific amino acids such as leucine can suppress the starvation-induced death of gpb-2 
mutants. To identify molecular target genes responsible for the rescue effects of amino 
acids on the survival of gpb-2 mutants during starvation, we used RNAi to reduce the 
expression of several candidate genes and found that mgl-1 and mgl-2, the C. elegans 
orthologs of metabotropic glutamate receptors, are involved in the process. Furthermore, 
we found that treatment with leucine suppressed starvation-induced stress resistance in 
wild-type worms, and mutation of mgl-1 and mgl-2 abolished the effect of leucine on the 
starvation-induced stress resistance. Taken together, our results suggest that metabotropic 
glutamate receptor signaling may modulate a systemic starvation response, at least in 
part, in response to specific amino acids, and that C. elegans senses specific amino acids 
as an anti-hunger (food) signal. 
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Molecular and Sensational Components Used in Maintaining Male Mating 
Behavior Efficacy 
Yishi Liu, L.R. Garcia
Texas A&M University
To address the question how organisms use various molecular mechanisms to sustain 
attention span, we use C. elegans male mating behavior as a model. During mating, a 
C. elegans male must maintain the position of his tail over the hermaphrodite vulva and 
rhythmically prod his spicules for a prolonged period of time before inserting spicules in 
the vulva. We are interested in the mechanisms that are used in the neurons and muscles 
of the male to sustain the spicule protraction behavior. We propose that a muscarinic 
acetylcholine receptor (mAChR), GAR-3, and a feedback signal generated from spicule 
muscle activity function to maintain the excitability of the spicule circuit and reinforce 
males’ response to the vulva. GAR-3 is a C. elegans homolog of human mAChRs and is 
expressed the male spicule circuit. gar-3(0) males can execute every sub-step in mating, 
suggesting that GAR-3 is not essential for the synaptic transmission required for execution 
of mating behavior. However, GAR-3 is used during mating, as gar-3(0) males require 
more time to insert their spicules as compared to wild type. Pharmacological evidence 
suggests that prior to mating, GAR-3 might be activated by spontaneously released 
acetylcholine (ACh) to increase behavioral output induced by nicotinic acetylcholine 
receptors (nAChRs). We speculate that before and during mating, GAR-3 can be activated 
to enhance the circuit excitability. In addition to gar-3(0) mutant, we tested different 
nAChRs mutants for their ability to maintain their posture at the vulva, since ACh is 
the major neurotransmitter used in the spicule protraction. We surveyed the expression 
pattern of 18 nAChR α subunits. We found that UNC-38 and ACR-16 are the only α 
subunits expressed in the spicule protractor muscles. unc-29 encodes a non-α subunit 
that forms the same ion channel with UNC-38. Interestingly, when we rescued unc-29 
in the body wall, but not spicule muscles, of the unc-29(lf);acr-16(0) male to restore 
wild-type locomotion, we found that males lacking nAChRs in their spicule circuit do 
not maintain their position at vulva as long as wild type. unc-29(lf);acr-16(0) mutant 
males have decreased spicule muscle activity, as ACh is a major neurotransmitter that 
causes spicule muscle contraction. Thus, we propose that spicule muscle contraction 
during prodding might send feedback to the neural circuit that regulates male position 
at the vulva. This regulation might act through proprioceptive neurons, which reinforce 
the activity of vulva locating neurons while the male is prodding at the vulva. 
Poster Topic: 01 Neural Circuits and Behavior 
71
Contact: lymangjs@uwec.edu 
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The Role of Molecular Motors in Ciliary Receptor Localization
Jamie Lyman Gingerich1, Young-Kyung Bae2, Karla Knobel2, Maureen Barr3
1University of Wisconsin-Eau Claire, Eau Claire, WI, 2University of 
Wisconsin-Madison, Madison, WI, 3Rutgers University, Piscataway, NJ
Cilia play a critical role in sensing the extracellular environment and mediating 
appropriate responses. Cilia contain a diverse array of membrane receptors. For example, 
PKD-2 and LOV-1 localize to cilia of male-specific sensory neurons where they mediate 
mating behaviors. To elucidate the molecular mechanisms of ciliary localization of these 
receptors, we performed a genetic screen looking for mutants with altered PKD-2::GFP 
localization. 
Here, we describe the characterization and cloning of one of the eleven mutants 
isolated. In wild-type male neurons, PKD-2::GFP localizes to cilia and cell bodies. In 
my17 mutant males, PKD-2::GFP accumulates abnormally in the ciliary base region of 
CEM neurons in the head and ray neurons in the tail. The ciliary defect is accompanied 
by defects in male mating behavior suggesting that the PKD-2 mislocalization has 
functional consequences. 
my17 is a nonsense mutation in exon 6 of xbx-1, a dynein light intermediate chain 
gene required for retrograde intraflagellar transport (IFT). As expected for an IFT mutant, 
my17 mutants have general cilia defects and are dye filling defective. my13 is another 
mutant with defects in PKD-2::GFP ciliary localization that is also dye filling defective, 
although not as severely defective as an IFT mutant. Future work will focus on the 
characterization and cloning of my13. 
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Intestinal to Neuronal Signaling Regulates the Aboc and Exp Steps of the 
Defecation Motor Program
Tim Mahoney1, Shuo Luo1, Elaine Round2, Martin Brauner3, Alexander 
Gottschalk3, James Thomas2, Michael Nonet1
1Washington University School of Medicine, St. Louis, MO , 2University of 
Washington, Seattle, WA, 3CEF-MC, Johann Wolfgang Goethe-University, 
Frankfurt, Germany
The C. elegans defecation motor program (DMP) is a highly coordinated 
rhythmic behavior that requires two GABAergic neurons that synapse onto the 
enteric muscles.  One class of DMP mutants, called aex mutants, exhibits similar 
defects to those caused by the loss of these two neurons.  Here we demonstrate that 
aex-2 encodes a G-protein coupled receptor (GPCR) and aex-4 encodes an exocytic 
SNAP25 homolog.  We found that aex-2 functions in the nervous system and activates 
a Gsα signaling pathway to regulate defecation.  aex-4, on the other hand, functions in 
the intestinal epithelial cells.  Furthermore, we show that aex-5, which encodes a pro-
protein convertase, functions in the intestine to regulate the DMP, and its secretion 
from the intestine is impaired in aex-4 mutants. Activation of the Gsα GPCR pathway 
in GABAergic neurons can suppress the defecation defect of the intestinal mutants 
aex-4 and aex-5. Lastly, we demonstrate that activation of GABAergic neurons using 
the light-gated cation channel channelrhodopsin-2 (ChR2) is sufficient to suppress the 
behavioral defects of aex-2, -4, and -5.  These results genetically place intestinal genes 
aex-4 and aex-5 upstream of GABAergic GPCR signaling.  We propose a model whereby 
the intestinal genes, aex-4 and aex-5, control the DMP by regulating the secretion of a 
signal, which activates the neuronal receptor aex-2. 
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Characterization of a Novel Conserved Protein Possibly Involved in 
Synaptic Vesicle Exocytosis
Allan Froehlich, Daniel Omura, Nicolas Paquin, Bob Horvitz
HHMI, Dept. Biology, MIT, Cambridge, (MA), USA
Upon entering a bacterial lawn, well-fed wild-type animals slow their locomotion 
rate by about 30 percent. This response, known as the basal slowing response, requires 
dopaminergic modulation of the locomotory circuit. Worms that have been starved for 
30 minutes prior to entering a bacterial lawn slow their locomotion by more than 75 
percent. This behavior, dependent on the past feeding experience of the animal, is termed 
the enhanced slowing response and requires serotonin. Animals deleted for mod-5, a 
serotonin reuptake transporter, that have been briefly starved display a hyper-enhanced 
slowing response upon reaching a bacterial lawn, slowing their locomotion by more 
than 90 percent. 
By mutagenizing mod-5 animals, we identified mutations that enhance the locomotion 
defect such that well fed worms behave as if they had been deprived of food. These 
mutations may affect food-sensing or satiety mechanisms and make the enhanced slowing 
response independent from past feeding experiences. We have cloned a gene defined 
by the mutant n4022 that encodes a novel and highly conserved protein, C44B9.1. 
The locomotion defects of n4022 worms are rescued by expressing C44B9.1 from a 
pan-neuronal promoter (unc-119) but not from a body wall muscle promoter (myo-3), 
indicating a neuronal function for C44B9.1. Expression of a GFP reporter under a C44B9.1 
promoter was observed in multiple head neurons.
C44B9.1 is likely involved in synaptic vesicle release, as the n4022 strain shows 
decreased sensitivity to aldicarb, an acetylcholinesterase inhibitor, and increased 
sensitivity to levamisole, an acetylcholine receptor agonist, suggesting a presynaptic 
role for C44B9.1. In addition to their locomotion defect, n4022 mutants display high 
temperature (27°C) induced dauer formation (Hid) and synthetic dauer formation at 
25°C in combination with unc-31(e928) (Sdf). This phenotype is similar to that of strains 
mutated for genes involved in the regulation of vesicle exocytosis, such as unc-64, 
unc-31, hid-1 and aex-3.
We plan to identify the sites of expression of C44B9.1 by immunofluorescence and 
the binding partners of the C44B9.1 protein to further understand this gene. We will also 
use electrophysiology to assess the role of C44B9.1 in vesicle exocytosis. 
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Molecular Mechanisms Of The Integration Of Two Sensory Signals In C. 
elegans
Yoichi Shinkai1, Makoto Tsunozaki2, Cori Bargmann2, Takeshi Ishihara1
1Kyushu University, Fukuoka, Japan, 2Howard Hughes Medical Institute, 
Laboratory of Neural Circuits and Behavior, Rockefeller University, NY, USA
Animals receive environmental information in sensory neurons to process in the central 
nervous system. The sensory processing is required to alter their behavior depending on 
their surroundings. Although sensory integration is a kind of simple sensory processing, 
little is known about the mechanisms at molecular level. 
To elucidate all the details of sensory integration in the neural circuit, we isolated 
mutants defective in the sensory integration process. When a copper ion barrier exists 
between diacetyl and worms, mutants deficient in gcy-28, which encodes a receptor-type 
guanylate cyclase, less frequently crossed the barrier to reach diacetyl than wild type 
animals. However, each response of the gcy-28 mutant to diacetyl and copper ions is 
indistinguishable from that of wild type animals. In addition, gcy-28 mutants show the 
defect in salt chemotaxis learning, which is the form of behavioral plasticity induced by 
paired stimuli, starvation and NaCl. Although GCY-28 expression is observed in many 
tissues, the expression of GCY-28 by pan-neuronal promoter H20 is sufficient to restore 
the phenotype of the gcy-28 mutant. These results suggest gcy-28 regulates the sensory 
integration in the neural circuit. To investigate the genetic interaction between gcy-28 and 
other genes involved in the sensory processing, we employed double mutant analyses in 
sensory integration and in salt chemotaxis learning. HEN-1/SCD-2 pathway regulates the 
sensory integration and salt chemotaxis learning, whereas the insulin pathway regulates 
salt chemotaxis learning. gcy-28;scd-2 double mutant and gcy-28;ins-1 double mutant 
show stronger defects than each single mutant in both salt chemotaxis learning and the 
sensory integration and in salt chemotaxis learning, respectively. From this result, we 
think that gcy-28 regulates these sensory processing independently of HEN-1/SCD-2 
pathway and the insulin pathway. Preliminary experiment using cell-specific rescue 
constructs suggest that GCY-28 regulates the sensory integration process in multiple 
neurons including AIA interneurons. 
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The Role of INS-1 Secretion in the Regulation of Salt Chemotaxis Learning
Masahiro Tomioka, Yuichi Iino
Dept of Biophys and Biochem, School of Science, Univ of Tokyo, Tokyo, Japan
The chemotaxis of C. elegans is altered by past experience. After worms are exposed 
to salts under starvation conditions, their innate attractive behavior to salts is lost and 
switched to salt avoidance behavior. Exposure to salts in the presence of food does not 
lead to this change, suggesting that worms change their behavior depending on salt and 
food status. We call this behavioral plasticity salt chemotaxis learning.
We have found that the insulin/PI 3-kinase pathway is essential for salt chemotaxis 
learning. The PI 3-kinase AGE-1 acts in ASER salt-sensing neurons to regulate reduction 
of chemotaxis caused by learning. On the other hand, the insulin-like peptide INS-1 is 
expressed in several classes of neurons with a strong expression in AIA interneurons. 
The accumulation of INS-1::VENUS is observed in coelomocytes, scavenger cells 
that take up proteins from the pseudocoelomic space, suggesting that INS-1 is secreted 
from neurons. We extended our previous cell-specific rescue experiments by expressing 
ins-1::venus in several classes of neurons in the ins-1 mutant background, and also 
assessed the INS-1::VENUS secretion using the coelomocyte assay. The coelomocyte 
accumulation of INS-1::VENUS was observed when it was expressed using many types 
of neuronal promoters. On the other hand, the rescue of learning was observed only when 
INS-1::VENUS was expressed in specific neurons including ASI and RIC neurons. RIC 
neurons are thought to mediate the transmission of starvation signal through secretion 
of octopamine, implying food status-dependent secretion of INS-1 from these neurons. 
Because RICs are innervated by CEP dopaminergic neurons, we addressed whether INS-1 
secretion from RICs depends on the dopamine signaling in salt chemotaxis learning. 
While ins-1 mutants expressing INS-1 only in RIC neurons show normal learning, they 
showed learning defect under the mutant background of the dopamine transporter dat-1, 
in which amount of secreted dopamine is increased. These data imply that the secretion of 
INS-1 from RIC neurons regulates salt chemotaxis learning depending on the dopamine 
signaling pathway.
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Genetic Analysis of Dopamine Signaling in C. elegans
Khursheed Wani, Daniel Chase
University of Massachusetts, Amherst, (MA), USA
Dopamine is a major neurotransmitter in the brain. Defects in dopamine signaling 
underlie neurological disorders including Parkinson’s disease, schizophrenia and drug 
addiction. Despite such clinical importance, our understanding of dopamine signaling 
and its regulation of neural activities are meager. Dopamine also controls neural activity 
in C. elegans. Endogenous dopamine acts on the motor circuit of C. elegans to inhibit 
locomotion in response to food [1]. Exogenous dopamine also inhibits locomotion and 
high concentrations cause paralysis [2]. Screens for mutants resistant to the paralytic 
effects of exogenous dopamine identified several dopamine-signaling components 
including the receptor DOP-3 and the G-alpha protein GOA-1 [3]. While goa-1 null 
mutants are completely resistant to exogenous dopamine, dop-3 null mutants are only 
partially resistant, suggesting that: 1) there are at least two receptors that bind dopamine 
to inhibit locomotion; and 2) these dopamine receptors are each coupled to GOA-1. 
To identify additional components of endogenous dopamine signaling pathways, we 
conducted a dop-3 enhancer screen. A total of 92,000 mutagenized haploid genomes 
were screened and 15 mutants were isolated that, like goa-1 mutants, were completely 
resistant to exogenous dopamine. We have so far mapped nine of these mutants and two 
map to regions of the genome distinct from the location of any previously identified 
dopamine-signaling components. We are currently in the process of further characterizing 
these mutants. 
References 
1. Sawin, E.R., R. Ranganathan, and H.R. Horvitz, C. elegans locomotory rate is modulated by the 
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Body Shape Analysis and 2-Dimensional Cluster Representation of C. elegans 
Behaviour: A Route to Defining Complexity in Ethanol’s Modes of Action
Christopher James1, Ioannis Andrianakis1, James Dillon2, Philippa Mitchell2, 
Richard Mould2, Steve Glautier3, Vincent O’Connor2, Lindy Holden-Dye2
1Institute of Sound and Vibration Research, University of Southampton, 
Southampton, UK, 2School of Biological Sciences, University of Southampton, 
Southampton, UK, 3School of Psychology, University of Southampton, 
Southampton, UK
We present a multi-stage system for analysis of C. elegans behaviour through digital 
capture of magnified images. Images were acquired using a Hamamatsu digital camera 
attached to a Nikon SMZ800 stereomicroscope. The system identifies C. elegans on the 
image then parameterises the worm shape on a frame-by-frame basis. This allows for general 
features such as heading and speed to be obtained at the same time as intricate details of 
body shape on a frame-by-frame basis.
The system consists of 4 stages: (i) An image de-noising and segmentation / thresholding 
stage that identifies the worm on each video frame and subtracts the background and segments 
the worm; (ii) An energy minimisation technique that uses the expectation-maximisation 
(EM) algorithm to learn a fixed number of Gaussian nodes in a Gaussian mixture model 
(GMM). The nodes of the GMM distribute themselves along the worm shape derived from 
the first stage uniformly; (iii) The node centers now represent the parameterised worm 
shape and are stored on a per frame basis. These parameters are used to provide information 
regarding instantaneous worm shape and frame-by-frame worm activity; (iv) The worm 
parameters are clustered using a generative clustering algorithm called Neuroscale, this 
step allows different worm body shapes to be compared and contrasted in a 2-dimensional 
visualisation space which displays topographic ordering i.e. similar worm shapes cluster 
together. Finally, as Neuroscale provides a generative mapping, it is possible to track the 
trajectory of worm body shapes frame-by-frame over the visualisation space. This means that 
it now becomes possible to track worm heading, speed and shape over time and to observe 
and quantify worm behaviour with very fine temporal resolution. 
The system is designed as a general purpose tool with the possibility of application in a 
wide variety of behavioural preparations. This approach is currently being used to delineate 
the effects of ethanol on C. elegans locomotor patterns with the aim of resolving discrete 
effects at concentrations that are relevant to intoxication rather than sedation (see Dillon et 
al. this meeting). 
Acknowledgements: 
Biological and Biotechnology Research Council, UK for funding. 
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Agar: Not So Groovy After All
Jordan Boyle, Stefano Berri, Ian Hope, Netta Cohen
University of Leeds, Leeds, United Kingdom
C. elegans locomotion is typically studied on agar, with locomotion models generally 
being restricted to modeling the worm’s crawling behavior. One key question regards the 
relative contributions of active forces (due to the worm’s muscle actuation) versus external 
forces (due to resistance from the groove) in shaping the locomotion waveform. 
Models of C. elegans crawling fall into two classes: (i) those that generate a muscle 
activation pattern that determines body shape in the absence of any environmental 
forces (BC, Bryden and Cohen, 2004, 2008), and (ii) models in which the agar groove 
constrains the body to follow the head, with body muscles generating forward thrust 
along the groove (NE, Niebur and Erdos, 1991). We set out to determine the importance 
of the groove in shaping the undulation waveform of the worm. 
We compared locomotion on agar to that of worms on a flat, solid substrate, precluding 
the formation of a groove, and found that the worm was able to generate and propagate 
a crawling waveform. However, the worm failed to make significant forwards progress, 
confirming the absence of a groove. Next we developed a physics simulator of worm 
locomotion which models the environment as a viscoelastic fluid (following Gray & 
Hancock, 1955; Gray and Lissman, 1964), and validated the model against experimental 
crawling data on agar. We then estimated the groove strength (or viscoelastic properties 
of agar) by feeding worm skeletons extracted from recorded movies to this simulator. 
To resolve the respective roles of the groove and active muscle forces during crawling, 
we adapted the NE model and successfully replicated their results in a strong groove 
environment (Boyle et al., 2007). However, for sufficiently weak grooves the mechanism 
breaks down. This occurs with a groove strength significantly greater than that estimated 
on agar, indicating that the groove alone is not sufficient to determine the body shape. 
We conclude that the worm’s crawling waveform is fully determined by the pattern 
of muscle activation. This finding should have important implications for locomotion 
models in general and for predictions about the distribution of postulated stretch receptors 
along ventral cord motoneurons, in particular. Finally, we suggest that the use of agar 
as a medium for conducting locomotion assays could mask certain defects, and propose 
assays using other environments that could offer complementary insight. 
This work was funded by the EPRSC grants EP/C011953 and EP/C011961. 
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Genetically Malleable C. elegans Neural Circuits Cultured in Microfluidic 
Devices
O. Scott Hamilton2, Damien O’Halloran2, Hang Lu1, Tsung-Yu Chen2, Noelle 
L’Etoile2
1Georgia Institute of Technology, 2University of California, Davis
While the body of knowledge on how individual neurons process information has 
increased exponentially in recent history, the function of even simple neural circuits that 
underlie all behaviors remains largely a mystery. We are combining bioengineering and 
neurobiological approaches to construct a system for cell cultures in which neural circuits 
can be isolated, manipulated and quantified. Our objective is to culture simple C. elegans 
neuronal circuits within microfluidic devices to examine how complex properties emerge 
from a simple array of C. elegans sensory neurons and their downstream interneurons. 
These circuits are designed to simultaneously excite a population of AWC sensory neurons 
while recording activity from the downstream AIY interneuron synaptic partners. Progress 
towards this end includes the growth of genetically modified C. elegans animals that have 
predefined in vitro neural readouts and, with our collaborators at the Georgia Institute of 
Technology, we have designed and tested the first generation of microfluidic devices. 
Using in vitro panning techniques we will direct the patterns of neuronal growth, thus 
enabling the ability to increase circuit complexity while controlling the overall circuit 
architecture. We will direct the delivery of subcellular stimuli to neuronal processes with 
precise spatial and temporal resolution. This will permit us to collect detailed quantitative 
data to be used in modeling of the circuits. By culturing neurons derived from genetically 
modified neurons, and introducing different stimuli we will gain an understanding of the 
roles of genes, key players in transduction pathways and synaptic transmission between 
neurons in the context of large circuits. In order to test multiple variables at once, we 
will elucidate the circuits’ responses to genetic and pharmacological manipulations. 
The results from these circuit studies can be quickly and easily verified in the intact C. 
elegans by examining their behavior in well-established behavioral assays.
These circuits will provide the neuroscience community with a new set of tools to 
manipulate, image and measure highly refined aspects of neural function. Any researcher 
could use this technology to grow circuits and test their own genes of interest with various 
stimuli on a defined network of interconnected neural synaptic partners. 
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A Software Tool for the Analysis of C. elegans Electropharyngeograms (EPG)
Ioannis Andrianakis2, James Dillon1, Philippa Mitchell1, Richard Mould1, Steve 
Glautier3, Vincent O’Connor1, Lindy Holden-Dye1, Christopher James2
1School of Biological Sciences, University of Southampton, Southampton, 
UK, 2Institute of Sound and Vibration Research, University of Southampton, 
Southampton, UK, 3School of Psychology, University of Southampton, 
Southampton, UK
Electropharyngeograms (EPG), first established in the group of Leon Avery, are 
extracellular recordings of the pharyngeal network and provide a readout of both neural 
and muscular activity. Analysis of EPGs in wild-type and mutant worms has made a 
significant contribution to the understanding of the molecular and genetic regulation of 
neural network activity and muscle excitability. In order to facilitate this and allow for 
higher throughput, and more discrete analysis, we have developed a software tool for 
the analysis of EPG recordings. Its two main features are, firstly, the automatic detection 
of pumps, and events within pumps, of an EPG recording, and secondly, the ability to 
statistically analyse the information acquired at the detection stage. Based on a tailor made 
signal processing algorithm, the proposed software can detect automatically peaks in the 
different features of the EPG including those that report the contraction and relaxation of 
the muscle (the E and R phases, respectively) and those that report the activity of excitatory 
and inhibitory pharyngeal neurones (the MC spike and the M3 potentials, respectively). 
Verification of the results by a trained human observer indicates high levels of accuracy. 
The results of the automatic detection algorithm can also be manually modified, so that 
alternative interpretations of ambiguous segments of the recordings can be facilitated. 
Given an annotation of the events within the pumps of the EPG, obtained automatically 
or otherwise, a statistical analysis of the results is then possible, which is known to be a 
laborious procedure when performed manually. Information about factors such as pump 
rate, pump duration, groups of pumps, and number of peaks in each of the E, P and R 
phases can be readily extracted. While a basic statistical analysis of the above information 
is possible within the scope of the developed software, its exportation is also possible 
for further processing with powerful data analysis packages (e.g. Excel, SPSS), that can 
yield observations about the data set that are not apparent with a mere visual inspection 
of the recordings. This method allows for a robust, objective and relatively fast definition 
of pharyngeal phenotypes. 
Acknowledgements: 
Funded by the Biological and Biotechnology Research Council, UK 
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Concentration-dependent Effects of Acute and Chronic Ethanol on C. 
elegans Micro-circuits and Behaviour
James Dillon2, Phillipa Mitchell2, Richard Mould2, Kate Bull2, Ioannis Andrianakis3, 
Christopher James3, Steve Glautier1, Vincent O’Connor2, Lindy Holden-Dye2
1School of Psychology, University of Southampton, UK, 2School of Biological 
Sciences, University of Southampton, UK, 3Institute of Sound and Vibration 
Research, University of Southampton, UK
The concentration dependence of the acute and chronic effects of alcohol represents a 
complex interacting response involving the modification of gene expression, proteins and 
membranes. However, the concerted manner by which these interactions, with overlapping 
concentration dependence, co-ordinate neuro-adaptive behaviours are poorly understood. We 
are utilising the nervous system of C. elegans, in particular functional investigation of defined 
micro-circuits, to gain insight into the neural substrates of alcohol dependence. In doing so 
we are applying both electrophysiological and behavioural assays to wild type and mutant 
animals in combination with novel methods of semi-automated analysis techniques. 
Electropharyngeogram (EPG) recording from a semi-intact preparation of the C. elegans 
pharynx provides an opportunity to probe the acute effects of ethanol upon the activity of a 
simple, anatomically defined micro-circuit. We have identified the network activity of the 
pharyngeal nervous system is modulated by ethanol in a concentration-dependent manner. 
Excitation of the pharyngeal network was recorded in the presence of ethanol concentrations 
equivalent to mammalian intoxication levels (1-20mM), and inhibition at supra-intoxicating 
concentrations (>100mM), hence allowing us to determine effectors of acute ethanol across 
a range of concentrations. In addition we can observe a withdrawal response in animals that 
have undergone a chronic pre-exposure to ethanol, and withdrawal relief in acute low doses 
(10mM) of ethanol. We are currently probing the specificity of the pharyngeal response to 
ethanol using alcohols with increasing carbon chain length. 
In combination with electrophysiological analysis we have developed a behavioural assay 
that enables us to probe the basis of the neuro-adaptation that occurs upon chronic ethanol 
exposure at the level of the intact nervous system. We can demonstrate withdrawal and relief 
from withdrawal using this assay. In addition we are currently investigating the temporal 
dynamics and concentration dependence of this neural plasticity. We intend to apply the 
automated behavioural analysis technique we have developed to quantify subtle locomotory 
responses at low doses of ethanol, which have been shown to alter pharyngeal activity. 
Acknowledgements: Biological and Biotechnology Research Council UK for funding; 
Some nematode strains used in this work were provided by the Caenorhabditis Genetics 
Centre, which is funded by the NIH National Centre for Research Resources.
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Optophysiological analysis of a sensorimotor integration circuit
Theodore Lindsay, Tod Thiele, Serge Faumont, Shawn Lockery
University Of Oregon, Eugene, OR, USA
The regulation of reversal behavior in C. elegans is a paradigm of sensorimotor 
integration: the binary transition between forward and reverse locomotion represents 
the common behavioral output of many different sensory behaviors including avoidance 
responses to noxious stimuli and turning responses during chemotaxis. Laser ablation 
and calcium imaging experiments have implicated the bilateral pair of interneurons 
—together known as AVA— as command neurons for reverse locomotion, but two key 
questions remain unanswered. (1) What biophysical properties underlie the initiation 
and maintenance of the AVA-mediated reversals? (2) How is activity in AVA regulated 
by sensory input? 
To address the first question, we made whole-cell patch clamp recordings of resting 
potential in AVA neurons. We observed spontaneous transitions between two stable 
membrane potentials separated by 40 mV. Consistent with this finding, AVA had an 
N-shaped I-V curve, the diagnostic signature of regenerative membrane bi-stability. 
In addition, we found that transitions between the two membrane potentials could 
be triggered and terminated by depolarizing and hyperpolarizing current injections, 
respectively. Thus, membrane potential in AVA may act as a binary state variable that 
codes for reversal behavior. 
To address the second question, we recorded synaptic currents in AVA neurons in 
response to optical stimulation of neurons with monosynaptic connections to AVA. 
The ASH sensory neuron has an anatomically identified chemical synapse to AVA. To 
determine if this connection is functional, we photoactivated ASH via channelrhodopsin-2 
(ChR2). In voltage clamp recordings from AVA, we observed transient, short-latency 
inward currents (~100 pA) time-locked to the light pulse. These currents were eliminated 
by withholding the essential cofactor retinal; thus we attribute them to the synaptic effects 
of ASH activation. In related experiments, photoactivation of interneuron RIM—which 
receives numerous sensory inputs and has gap junctions to AVA—elicited sustained 
inward currents consistent with a functional electrical synapse to AVA. These findings 
provide direct evidence for functional synaptic pathways by which AVA is regulated by 
sensory input. 
Together, these experiments set the stage for investigating the synaptic mechanisms 
of sensorimotor integration during avoidance responses, chemotaxis, and other key 
behaviors in C. elegans. NIH MH51383. 
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Modulation Of Muscle Function By Multiple Serotonin Receptors
Nizar Mohamed1, Kathleen Davis2, Bruce Bamber1
1University of Toledo Department of Biological Sciences, Toledo, OH, USA, 
2University of Toledo College of Law, Toledo, OH, USA
Biogenic amines, including serotonin (5-HT), dopamine, octopamine and tyramine, 
modulate behaviors in vertebrates and invertebrates. The receptors for biogenic amines 
are generally G-protein coupled receptors. When exposed to exogenous 5-HT, C. elegans 
increases pharyngeal pumping and egg laying, and reduces locomotion. This response 
mimics the behavior of worms in the presence of food, suggesting that 5-HT may play 
a role in normal behavioral modulation related to feeding. Because muscle contraction 
is central to all behavior, we hypothesize that 5-HT may modulate muscle excitability. 
In fact, vulval muscles express three 5-HT receptors: Gαq coupled SER-1, Gαs coupled 
SER-7, and Gαs coupled F16D3.7 (a putative 5-HT receptor). F16D3.7 expression is also 
observed in body wall muscles. Our goal is to understand how 5-HT modulates muscle 
activity, and how multiple 5-HT receptors within a single tissue function together to 
shape muscle activity patterns using patch-clamp electrophysiology. In particular, we 
will focus on the regulation of muscle activity in the vulval muscles that are required 
for egg laying. Eggs are laid as a result of intrinsic vulval muscle activity, with synaptic 
input regulating the frequency of the contractions. 5-HT is released by the HSN motor 
neurons onto the vulval muscles, and exogenous 5-HT increases the frequency of calcium 
transients in vulval muscles. Because mutations that affect egg-laying include several 
potassium channels and an L-type voltage-gated calcium channel, we will characterize 
potassium and calcium currents in vulval muscles in the presence and absence of 5-HT, 
and delineate the modulatory pathways using loss of function mutants and RNAi to 
inactivate 5-HT receptors, G-protein subunits, and ion channels. We will also determine 
whether 5-HT affects body wall muscle. In contrast to vulval muscles, the contraction of 
body wall muscle is synaptically controlled by acetylcholine and GABA inputs. A single 
putative 5-HT receptor, SER-5, is expressed on body wall muscles, but no direct effect 
of 5-HT on body wall muscle contraction have been reported. We will examine whether 
5-HT acts through SER-5 in body wall muscles to change its responsiveness to ACh or 
GABA, or to change the activity of voltage gated channels. We will present progress 
toward measuring multiple muscle voltage- and neurotransmitter-activated currents in 
the presence and absence of 5-HT. 
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Leaving behavior, a sex-specific adult behavior, is regulated by nuclear 
hormone receptors in the gut and male-specific neurons
Gunnar Kleemann1, Coleen Murphy1, Scott Emmons2
1Princeton University, Princeton, (NJ), USA, 2Albert Einstein Medical School, 
Bronx, (NY), USA
We have shown that the daf-12/Dafachronic acid (DA) pathway is required for the 
normal elaboration of male-specific exploratory behavior (leaving behavior) at maturity. 
DA signaling acts directly or indirectly by transmitting a signal from the gonad, and the 
expression of plasmids carrying daf-12(m20) cDNA in male-specific neurons and in 
the gut can each partially rescue defective leaving behavior of daf-12 null males. The 
gut appears to be an important tissue for the regulation of leaving behavior, since a gut 
specific nuclear hormone receptor, nhr-8, is also required for normal leaving behavior. It 
is interesting to note that some molecular pathways, such as the DA pathway, are known 
to affect both early developmental processes and later mortality. Aging studies in C. 
elegans have largely focused on the mechanisms affecting the rate of mortality. However, 
aging also encompasses other age-dependent processes, such as development and the 
maintenance of adult phenotypes throughout life. We are currently using the reagents 
developed to test the role of daf-12 in the elaboration of male-specific behavior to test 
the effect of the DA pathway on the age-related changes in indexes of cognitive function 
such as learning/memory and sex-specific attraction to chemosensory cues. 
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Sexual state of the AWA neurons controls sex differences in C. elegans 
olfactory preference
KyungHwa Lee1, Douglas Portman2
1Interdepartmental Graduate Program in Neuroscience, University of 
Rochester School of Medicine and Dentistry, 2Center for Neural Development 
and Disease, University of Rochester Medical Center, Rochester, NY 14642
Despite the view that sexual dimorphisms in behavior generally result from the sex-
specific nervous system, the C.elegans “core” nervous system, comprising those neurons 
common to both sexes, also harbors ultrastructural and gene-expression differences.  We 
are interested in understanding the behavioral significance of these sex differences in the 
core nervous system.  To this end, we are studying sex differences in olfaction.  Previously, 
we have observed significant sex differences in the olfactory responses to four canonical 
odorants.  In addition, we have found that males and hermaphrodites exhibit behavioral 
differences in an “olfactory preference” assay.  These sex differences do not require 
signaling from the gonad or the male-specific CEM sensory neurons.  Instead, they are 
dependent on the global sex regulator tra-1, suggesting that intrinsic sex differences in 
core neurons control sex differences in olfaction.  To directly address the role of “neural 
sex”, we manipulated sex determination genes in the nervous system. Interestingly, we 
have found that masculinization of the hermaphrodite nervous system through the pan-
neural overexpression of the sex-determination gene fem-3(+) is sufficient to generate 
male-like olfactory preference.  Conversely, expression of tra-2(ic) in the male nervous 
system gives rise to hermaphrodite-like olfactory preference.  Together, this indicates that 
the”neural sex” modifies the properties of the core nervous system to regulate olfactory 
function.  While the masculinization of all sensory neurons is sufficient to generate 
male-likeolfactory preference, masculinization of interneurons has no effect.  To identify 
the neuronal loci of sex differences in olfaction at the single sensory neuronal level, we 
transformed the sexual identity of the AWA olfactory neurons utilizing the cell-specific 
promoter odr-7.  We have found that masculinized AWA neurons are sufficient to generate 
male olfactory preferences in hermaphrodites.  This suggests that sex determination 
genes modify olfactory signaling or connectivity of the AWA neurons.  Understanding 
the molecular substrates and developmental timing of AWA sex differences will give us 
insights on how “neural sex” generates sex differences in behavior. 
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dmd-3, A DM Domain Transcription Factor, Is Required For Multiple Male-
Specific Sensory Behaviors
Renee Miller, D. Adam Mason, Douglas Portman
University of Rochester, Rochester, (NY), USA
C. elegans exhibits both sex-specific behaviors and shared behaviors executed 
differentially in males and hermaphrodites. However, the mechanisms governing 
the unique expression of behaviors are not well described. DM domain transcription 
factors are conserved regulators of sexual aspects of differentiation in worms, flies, 
fish, and mammals. In C. elegans, the DM domain factor dmd-3 controls male-specific 
morphogenesis of the tail and also has a role in the development of the male-specific 
RnA-type ray neurons. We therefore investigated the requirement for dmd-3 in the proper 
execution of common male specific behaviors. 
Wild-type C. elegans males stochastically leave a food source in search of a suitable 
hermaphrodite mate. Food-leaving behavior in wild-type males is suppressed by the 
presence of an adult hermaphrodite. In addition, wild-type males detect the presence of 
hermaphrodite chemical cues and are retained on a spot of hermaphrodite conditioned 
media for long periods. Upon physical contact with hermaphrodites, wild-type males 
orient their tail, bearing the requisite copulatory structures, against the hermaphrodite 
body and initiate a complex mating program consisting of several key steps: response 
to contact, turning, location of vulva, spicule insertion and sperm transfer.
We find that dmd-3(ok1366) mutant males are defective in the execution of several 
male specific behaviors. dmd-3 mutant males leave food at a rate similar to wild-type 
males, but dmd-3 mutants fail to be retained by the presence of adult hermaphrodites. 
Animals lacking dmd-3 also spend significantly less time on a spot with hermaphrodite 
conditioned media than wild-type males. Together, these results suggest that dmd-3 mutant 
males fail to recognize or interpret hermaphrodite cues. Furthermore, upon encountering 
paralyzed hermaphrodite potential mates, dmd-3 mutant males fail to initiate the 
stereotyped mating program, with only 7% of males responding to contact. 
DMD-3 is expressed in a tra-1-dependent, male-specific pattern in the posterior 
of the worm, including in cells of the tail tip hypodermis required for retraction and 
morphogenesis, the hindgut, the linker cell, and the RnA neurons of the ray sensilla. We 
are currently working to address the question of where DMD-3 is required to impart the 
ability of the male to detect a mate. Since the cellular focus of the behaviors studied is 
largely unknown, our results will not only indicate where dmd-3 is required, but also aid 
in the elucidation of circuitry underlying these complex male behaviors.  
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Deconstructing the neural circuitry for sex-specific pheromone responses
Jamie White, Nadja Schaefer, Eliott Davidson, Erik Jorgensen
University of Utah, Salt Lake City, Utah, USA
C. elegans hermaphrodites release pheromones that elicit sex-specific behaviors: 
males are attracted to the pheromones and hermaphrodites avoid them.  We are interested 
in the differences in neural circuitry that account for sex-specific responses to common 
pheromone signals.  
Sex-specific pheromone responses depends only on the sexual identity of the nervous 
system, shown by experimentally swapping the sexual identity of the nervous system, 
but not other tissues.  Specifically, expression of the masculinizing factor FEM-3 using 
the pan-neuronal rab-3 promoter (Prab-3::fem-3), results in an animal with the physical 
appearance of a hermaphrodite, but the pheromone response of a male (attraction 
behavior).   Conversely, expression of a truncated tra-2 gene (encoding the TRA-2ic 
fragment, generously provided by Bill Mowrey and Doug Portman prior to publication), 
or the e1575 allele of the tra-1 gene, both feminizing factors, results in an animal with 
the physical appearance of a male, but the pheromone response of a hermaphrodite 
(avoidance behavior).  
Presumably, the entire nervous system does not have to be sexualized; for example, it 
is unlikely that motor neurons must be male to generate male behavior. Accordingly, we 
are switching the sexual identity of subsets of neurons.  Masculinizing either the sensory 
neurons (using Posm-5) or, independently, a set of interneurons (using Pglr-1) fails to 
induce male behavior in animals that are otherwise hermaphrodites, suggesting that both 
sensory and interneurons must be sexualized to generate the male-specific pheromone 
response (some Posm-5 and Pglr-1 lines generously provided by Bill Mowrey and Doug 
Portman).  Similar experiments are underway to feminize either sensory neurons or 
interneurons.
When during development do neural circuits acquire the sex-dependent characteristics 
that impart sex-specific pheromone responses?  To address this, we are switching the 
sexual identity of the nervous system at different times during development using the 
FLP-ON system (Davis et. al. 2008 PMID 18369447).  Additionally, the FLP-ON system 
allows us to investigate whether the C. elegans nervous system can be reprogrammed 
during adulthood. The sex-specificity of pheromone-response behaviors can be reversibly 
switched in adult flies (Grosjean et. al. 2008 PMID 18066061) and adult mice (Kimchi 
et. al. 2007 PMID 17676034); it may turn out that the C. elegans nervous system is 
similarly plastic.
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Neuromuscular Control of Male Tail Posture During C. elegans Mating
Allyson Whittaker, Paul Sternberg
California Institute of Technology, Pasadena, CA
During male mating behavior, a number of alterations in male tail posture occur.  It 
is known that in the absence of male specific muscles males are still able to perform the 
earliest steps of mating behavior, response, backing, turning, and vulva location, albeit 
with decreased efficiency.  This suggests that proper regulation of male tail posture during 
mating behavior involves both male specific muscles as well as sexually dimorphic 
regulation of the core muscles. 
We have found that cholinergic pathways play a role in sexually dimorphic regulation 
of male tail posture.  When males are bathed in the acetylcholine esterase inhibitor 
aldicarb, they curl their tails dorsally and ventrally in a concentration and time dependent 
manner.  This behavior is not seen in hermaphrodites, suggesting that cholinergic pathways 
contribute to sex-specific regulation of tail posture. The nicotinic agonist levamisole also 
causes dorsal and ventral curling of the male tail and this curling is dependent upon the 
levamisole receptor subunits unc-29 and unc-38.  Mutations in unc-64, syntaxin decrease 
dorsal and slightly decrease ventral curling in response to levamisole suggesting that 
levamisole may act on both neurons and muscles to regulate tail posture.  Mutations 
in unc-38 and unc-29 disrupt backing and turning behavior in C. elegans male mating 
showing that cholinergic pathways are required for male tail posture control during male 
mating.  An unc-29 mutation only decreases ventral and dorsal tail curling in response 
to aldicarb suggesting that other acetylcholine receptor subunits are involved. 
Distinct pathways regulate ventral and dorsal curling.  Ventral curling in response to 
aldicarb requires the male specific muscles.  Dorsal curling, in contrast, does not require 
the male specific muscles. Serotonin has been shown to cause ventral curling of the male 
tail and mutations that disrupt serotonin synthesis disrupt turning.  tph-1 mutations only 
decrease ventral curling in response to aldicarb suggesting that acetylcholine acts though 
serotonergic and non-serotonergic pathways to regulate ventral curling.  Ventral curling 
in response to levamisole is also decreased by mutations in tph-1.  Dorsal curling in 
response to levamisole, in contrast, is not disrupted by mutations in tph-1.  Both dorsal 
and ventral curling of the male tail in response to aldicarb are disrupted by a mutation 
in the unc-25 GABA synthesis gene. 
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Reduction of Movement by flp-11, which Encodes FMRFamide-related 
Peptides
Nikhil Bhatla, Niels Ringstad, Bob Horvitz
HHMI, Dept. of Biology, MIT, Cambridge, MA 02139 USA
FMRFamide-related peptides (FaRPs) make up a large and diverse family of C. 
elegans neuropeptides.  To learn how these peptides control C. elegans behavior, we 
overexpressed genes predicted to encode FaRPs (the flp genes) and characterized the 
resulting behavioral defects.  Overexpression of flp-11 from an integrated transgene greatly 
reduces locomotion compared to the wild type.  We quantified this reduction in movement 
using a wormtracker (developed by Damon Clark, Aravi Samuel, and Dan Omura) and 
found that the average speeds of flp-11 transgenic strains are less than 50% of the wild-
type speed.  We also quantified locomotion by body bend counts: flp-11 overexpressors 
execute 70% fewer body bends per unit time than the wild type.  The overexpressors lay 
motionless more often and, when they are moving, move more slowly than normal. 
To identify genes involved in the flp-11 overexpression phenotype, we screened EMS-
mutagenized flp-11 overexpressors for suppressors of the locomotion defect.  An F2 non-
clonal screen of 20,000 haploid genomes yielded 1 suppressor, and an F1 clonal screen 
of 2,500 haploid genomes isolated 2 suppressors.  These suppressors all exhibit average 
speeds similar to the wild-type speed.  We are currently mapping these 3 suppressors. 
We are also planning to measure the speed of a flp-11 deletion mutant. 
To identify neural circuits that use flp-11 to control behavior, we have constructed a 
flp-11::GFP translational fusion reporter gene.  Transgenic worms show GFP expression in 
a single cell near the posterior bulb of the pharynx.  We plan to characterize the functions 
of flp-11-expressing cells by laser-ablation experiments.  We are also searching for flp-11 
receptors through our suppressor screens and by testing candidate genes.  Identification 
of flp-11 receptors will help us identify the sites of action of flp-11 neuropeptides. 
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Pharyngeal Filtering of Bacteria in Caenorhabditis elegans Analyzed by 
High Speed Video Microscopy
Christopher Fang-Yen1, Leon Avery2, Aravinthan Samuel1
1Harvard University, 2University of Texas Southwestern Medical Center
C. elegans feeds by drawing a suspension of bacteria and liquid into its pharynx, 
trapping the bacteria, and ejecting the liquid.  To understand how this filtering is performed, 
we are using high speed video imaging to examine motions of the pharynx and ingested 
bacteria during pumping.  Videos at 1000 frames per second reveal complex pharyngeal 
motions not apparent by eye or standard video recording.  We find that the pharynx traps 
bacteria at two locations, the anterior procorpus and the anterior isthmus.  Bacteria enter 
the pharynx during the relatively slow (100 ms) contraction phase.  Relaxation, which 
lasts about 10 ms, initiates at or near the metacorpus and progresses in an anteriorward 
peristaltic wave.  The wave pushes fluid out of the pharynx, but bacteria are trapped by 
a small closure of the lumen at the anterior end of the procorpus.  This closure occurs 
at the beginning of relaxation and is likely to involve motions of cuticular structures of 
the metastom and telostom controlled by the pm1 and pm2 muscles.  Food particles are 
thus concentrated in the central lumen of the anterior procorpus while fluids appear to 
be expelled through the tubular apices of the triradiate lumen.  During the subsequent 
contraction, bacteria initially trapped in the anterior procorpus are transported to a second 
trap in the anterior isthmus.  (Some bacteria which enter the pharynx during the early 
stages of contraction proceed directly to the anterior isthmus without being trapped in 
the anterior procorpus.)  Bacteria posterior to the center of the metacorpus are pushed 
posteriorly by relaxation in the metacorpus, trapping them in the anterior isthmus. 
Fluids may be partly expelled from the anterior isthmus trap through tubular apices of 
the anterior isthmus lumen.  Bacteria in the anterior isthmus are then transported via 
isthmus peristalsis to the terminal bulb and intestine. 
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Glial Control of Neuronal Function in C. elegans
Menachem Katz, Yun Lu, Shai Shaham
The Rockefeller University, New York, NY, USA
C. elegans glial cells share morphological, functional and genetic resemblance to their 
vertebrate counterparts. However, in contrast to vertebrate glia, C. elegans glia are not 
essential for neuronal survival, offering a unique opportunity to study the involvement 
of glia in the development and function of the nervous system in vivo. C. elegans CEP 
sheath glia (CEPsh) are bipolar cells that ensheath the dendrites of CEP neurons, and 
also envelope the nerve ring (the animal’s brain) extending processes that abut synapses. 
During development, these cells are involved in regulating axon guidance, dendrite 
extension and the formation of the nerve ring (Yoshimura et al., submitted). However, 
post-developmental roles for CEPsh glia have not been studied. Here we demonstrate 
that animals in which the CEPsh glia were genetically ablated during the first larva 
stage display uncoordinated movement. Interestingly, delayed development is also 
observed in these glia-ablated animals. EM analyses of CEPsh glia-ablated animals 
reveal disorganization of the nerve ring, and swelling of neurons within the ventral 
ganglia. Thus CEPsh glia play key roles in regulating neuronal function. To understand 
the molecular basis of CEPsh glia function we plan to identify genes expressed in these 
cells using a ribosome-tagging method, and to define contributions of these genes to 
glial function. We also plan to pursue studies aimed at testing whether CEPsh glia may 
serve as a permeability barrier akin to the blood-brain barrier. 
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Chemosensory Context Conditioning in Caenorhabditis elegans
H. Lee Lau, Catharine Rankin
University of British Columbia
Habituation has traditionally been considered a non-associative form of learning. 
However, recent research suggests that associations formed during training may 
aid retention of this non-associative form of learning. An example of this is context 
conditioning, in which animals that are trained and tested in the presence of a contextual 
cue show greater retention of a memory compared to animals trained and tested in 
different environments. This study reports context conditioning in habituation in the 
nematode Caenorhabditis elegans. Habituation was assessed by repeated non-localized 
mechanical stimuli (taps) to the Petri plate holding the worms. The results showed that 
retention of memory for habituation to tap stimuli was stronger if training and testing 
occurred in the presence of the same chemosensory cue. This was true for both taste 
(soluble sodium acetate: Rankin, 2000) and smell (volatile diacetyl) chemosensory cues. 
We are currently investigating the neural circuits underlying this form of learning. To do 
this, we have begun by testing context conditioning in strains of worms with mutations 
in specific chemosensory neurons (e.g. odr-10 (ky225) and odr-7 (ky4), courtesy of the 
CGC). Since the taste and olfactory neural circuits have been mapped, chemosensory 
context conditioning will serve as a vehicle to elucidate the molecular mechanisms of 
this form of associative learning. 
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A Stochastic Model of Command Neuron Function
Kristy Lawton, Steven Augustine, William Roberts, Shawn Lockery
University of Oregon, Eugene, Oregon, USA
Locomotory state in C. elegans is regulated by a network of forward and reverse 
command neurons in two reciprocally connected pools, but how this network functions is 
poorly understood. We propose a model in which the network acts as a stochastic system. 
The model arises from three simple assumptions: (1) Forward neurons act as a single unit 
F and reverse neurons act as a single unit R. (2) Unit activation switches stochastically 
between two activation states: 0 and 1, corresponding to off and on, respectively. (3) 
The probability of a 0->1 transition is a sigmoidal function of synaptic input, i.e. the 
weighted sum of presynaptic activation states. 
Accordingly, there are four possible states of the network: (F,R) = {(0,0), (0,1), 
(1,0) and (1,1)}.  Previous neuronal ablations suggest that the first three correspond, 
respectively, to locomotory pauses, forward locomotion, and reverse locomotion; we 
propose that the state (1,1) also corresponds to pauses, as joint activation of forward 
and reverse motor systems is likely to cancel out.  The kinetics of the network are fully 
described by eight coefficients -- the rate constants K for transitions between pairs of 
states that differ in the activation level of one (but not both) units.  Synaptic interactions 
in the model are fully described by just six coefficients -- the synaptic weights W, 
including the four possible connections among and between F and R neurons (Wfr, Wrf, 
Wff, Wrr), and the two connections from outside the command network (Wxf, Wxr), 
including sensory inputs. 
By Assumption 3, simple algebraic relationships can be derived such that given 
K, W can be computed.  Thus, it is theoretically possible to infer command network 
connectivity from the locomotion behavior.  To test such inferences, we reasoned that in 
strains with chronic depolarization of command neurons, such as nmr-1::GLR-1(A/T), 
Wxf and Wxr should be more positive than in wild-type worms whereas, in chronically 
hyperpolarized strains such as eat-4, they should be less positive.  Accordingly, using 
a maximum likelihood approach, we obtained K for spontaneous locomotion in wild-
type worms and several depolarized and hyperpolarized strains and computed W’s for 
each strain.  As expected, Wxf and Wxr were shifted positively in depolarizing strains 
and negatively in hyperpolarizing strains.  We conclude that the stochastic switch model 
provides an intuitive yet predictive representation of command neuron function.  NIH 
MH51383. 
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Adaptation of the Pharyngeal Circuit in Response to a “Non-Starvation” 
Food Withdrawal 
Sarah Luedtke, Lindy Holden-Dye, Vincent O’Connor, Robert Walker
University of Southampton, United Kingdom
Neural networks and their adaptive response to the changes in the internal or external 
environment are essential to normal brain function. Both the genetic tractability and 
the well defined organization of microcircuits underpinning simple behaviour allow 
C.elegans to act as a good model for such issues1. The pharynx is the major feeding 
organ of C.elegans and is regulated by a defined neuromodulatory circuit that controls 
facets of worm pumping. Accordingly, we have assayed pharyngeal pumping in the intact 
worm under differing environmental conditions (in the presence of, and increasing time 
without, food). Developmentally staged worms (L4 plus 16 hours) are placed from food 
onto non-food plates and their pumping monitored for increasing periods off food. This 
paradigm sees three phases of behaviour i. the initial cessation in pumping is followed by 
a slow increase in pumping until it reaches a ii. steady state pump rate (~50 pumps/min) 
after 70mins. After this initial plateau, which persists for approximately one hour, the 
worms enter iii. in which they undergo a series of erratic pumps i.e. they oscillate between 
quiescence and high frequency pumping This latter phase is quantified by the increased 
variation in pump rates. Previous investigations have defined regimes encompassed by 
removal from food for 5 hours as starvation2. However, our investigations of the nutritional 
status show that the worms retain their glycogen and lipid stores during the initial 5 
hours (PAS and Sudan Black staining used), indicating that they may not be starved. The 
microcircuit that controls pharyngeal pumping is made up of 20 embedded neurons and 
a single neuron that connects the microcircuit to the extra- pharyngeal nervous system. 
This microcircuit is underpinned by a number of fast and neuromodulatory transmitters. 
Analysing mutants that define key transmitters within this circuit help define the locus 
for the neuroadaption and the cellular and molecular determinants of the behaviour. 
E.g. although serotonin is a key regulator of the worm’s response to the presence of 
food, it does not play a role in the adaptive response to the food deprivation. This work 
should provide a framework to investigate the modulation of microcircuits to defined 
environmental stimuli. 
Funded by the Gerald Kerkut Charitable Trust. We are grateful to the C. elegans Genetics Centre for 
providing strains.
1. Science 1998, 282(5396): 2028-2033
2. J. Exp. Zool. 1990, 253: 263-270
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Identifying Pathways Modulated by Clozapine in Caenorhabditis elegans 
Behavior
Angelica Ortiz1, Sarah Demarco1, Rakesh Karmacharya1, Miriam Lundy1, Bruce 
Cohen1, 2, Edgar Buttner1, 2
1McLean Hospital, 2Harvard Medical School
The atypical antipsychotic clozapine effectively treats refractory schizophrenia.  It 
also presents serious side-effects, such as agranulocytosis and metabolic syndrome. 
However, the molecular basis of this drug’s unique therapeutic profile remains unknown. 
Previously, we characterized clozapine-induced behavioral phenotypes in C. elegans and 
reported clozapine-specific effects in comparison to the typical antipsychotic haloperidol. 
The results showed that clozapine enhanced egg laying without the involvement of 
dopaminergic systems.  We also observed that exposure to clozapine decreased the rate 
of pharyngeal pumping and the rate of locomotion in well-fed worms.  We went on to 
test olanzapine, an atypical antipsychotic that has a structure similar to clozapine but that 
lacks clozapine’s unique efficacy in treating schizophrenia.  Interestingly, we found that 
olanzapine failed to recapitulate clozapine’s effect on egg laying.  By testing a panel of 
C. elegans mutants with defects in biogenic amine neurotransmitter systems, we aimed to 
identify novel pathways underlying clozapine-induced behaviors.  We found that tdc-1, a 
gene required for tyramine synthesis, and ser-4, which encodes a serotonin-octopamine 
receptor, mediate the clozapine-induced increase in egg laying.  Trace amine signaling 
also appears to be necessary for clozapine’s inhibition of pharyngeal pumping.  Our 
observations suggest that the clozapine-induced decrease in pharyngeal pumping requires 
the presence of two distinct tyramine receptors: tyra-2, a G protein-coupled tyramine 
receptor, and sho-1, a tyramine-gated ion channel.  We also found that tbh-1, a gene 
encoding tyramine beta-hydroxylase for octopamine synthesis, is needed for clozapine to 
decrease pharyngeal pumping rates.  Clozapine’s inhibition of locomotion rate requires 
both the trace amine system and the biosynthesis of serotonin and dopamine. Interestingly, 
we found that worms lacking sho-1 did not demonstrate clozapine-induced reduction in 
locomotion rate. Similarly, mutations in bas-1, a gene encoding an aromatic amino acid 
decaboxylase necessary for serotonin and dopamine synthesis, did not show a change 
in locomotion rate after clozapine exposure. These results demonstrate that clozapine 
may be acting through a variety of pathway to produce its wide range of effects. Our 
observations may shed light on the molecular mechanisms underlying clozapine’s effects 
in human patients.
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Neuronal acetylcholine receptors ACR-2 and ACR-12 subunits are required 
in motor neurons for coordinated locomotion
Yingchuan Qi1, 2, Tamara Stawicki1, H. Horvitz3, 2, Yishi Jin1, 2
1Div. Biol. Sci. Univ. Calif. San Diego, La Jolla, CA, 2HHMI, 3Dept. Biol. MIT, 
Cambridge, MA
Ventral cord motor neurons regulate the sinusoidal movement of the worm by 
generating sequential contraction and relaxation of longitudinal muscles. When muscles 
on one side are activated by cholinergic A- and B-type motor neurons, the muscles on the 
opposite side are reciprocally inhibited by GABAergic D-type motor neurons. A and B 
type motor neurons form dyadic synapses with muscles as one post-synaptic partner and 
the D-type motor neurons as the other. We are interested in understanding the cellular 
basis of neuronal signaling within the motor neuron circuit and have examined the roles 
of the acetylcholine receptor non-alpha subunit ACR-2. acr-2 is expressed in A- and 
B-type motor neurons. We have characterized an unusual mutation, acr-2(n2420gf), which 
causes hypercontraction in response to gentle touch, a ‘shrinker’ phenotype resembling 
that of classical GABA-defective mutants such as unc-25 or unc-49. Interestingly, acr-
2(n2420gf) animals also shrink spontaneously. acr-2(n2420) is predicted to produce a 
slow-desensitizing acetylcholine receptor that may lead to elevated presynaptic activity 
in A-/B- motor neurons (see abstract by Stawicki et al.). To determine the signaling 
components required for acr-2 function, we screened for genetic suppressors of acr-
2(n2420gf). About ten suppressor mutations were found to be loss-of-function mutations 
of the acr-12 gene. acr-12 encodes an alpha-type acetylcholine receptor subunit that 
it is expressed in many neurons, including the ventral cord A-/B- and D-type motor 
neurons (Gottschalk et al., 2006, Cinar et al., 2005). Using cell-type specific transgene 
expression, we find that restoration of acr-12 expression in either A/B or D-type motor 
neurons is sufficient to revert the acr-12(0); acr-2(n2420gf) from the wild-type to the 
shrinking phenotype. These preliminary results suggest that although the acr-2(n2420gf) 
shrinker phenotype requires ACR-2 in A and B type neurons, its effect on locomotion 
may depend on the action of ACR-12 in GABAergic postsynaptic partners. Our data 
reveal neuronal AChRs function in cholinergic and GABAergic motorneurons to ensure 
correct coordination of the locomotion circuit. 
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The Nicotinic Acetylcholine Receptor Subunits acr-5 and acr-15 are Critical 
for C. elegans Nicotine-Motivated Behavior
Laurie Sellings, Derek van der Kooy
University of Toronto, Toronto, ON, Canada
Although nicotine motivated behaviors have been modeled in nicotine naïve and 
dependent rodents, it is costly and time consuming to perform genetic analyses in these 
animals.  In contrast, the nematode Caenorhabditis elegans is an ideal genetic model. 
Since C. elegans exhibits nicotine-induced locomotion resembling that seen in higher 
organisms, we investigated whether C. elegans might also be a good model for nicotine-
motivated behavior.   
We first examined whether N2 worms exhibited unconditioned nicotine approach to 
nicotine spots of several concentrations (10 μM-0.5M). A 10 μl spot of nicotine tartarate 
salt was placed at one side of a standard 100 mm Petri dish containing 6 ml of chemotaxis 
agar, and was allowed to diffuse for 3 h. Then, 50-200 worms were placed in the center, 
and their location relative to the nicotine spot recorded 30, 60, 90 and 120 min later. 
Worms approached nicotine in a time- and concentration-dependent manner. Approach 
was observed at concentrations of 50 mM, 0.1 M and 0.5 M.  Since nicotine can cause 
ataxia and paralysis at high concentrations, the activity of worms placed directly on the 
area where nicotine was spotted was examined.  Worms placed on 0.5 M or 0.1 M spots 
were ataxic and signficant proportions eventually stopped moving. Those placed on 50 
mM nicotine spots exhibited an increase in omega turns and locomotor activity, and were 
still moving 120 min after placement on the spot.  
Twenty-one known nicotinic acetylcholine receptor mutants were screened for 
approach to 50 mM nicotine, locomotor activity, and approach to the volatile attractant 
benzaldehyde. Worms containing mutations in acr-5 or acr-15, both of which encode 
alpha subunits of nicotinic acetylcholine receptors, exhibited attenuated nicotine approach. 
Neither of these strains had locomotor deficits that could be expected to interfere with 
approach, and both showed normal approach to benzaldehyde. 
This model of nicotine motivated behavior could translate into an efficient screen for 
the identification of genes implicated in the development and maintenance of nicotine 
dependence. 
Supported by Canadian Institutes of Health Research (CIHR) and Canadian Tobacco 
Control Research Initiative grants.  LS holds postdoctoral fellowships from CIHR and 
the CIHR Tobacco Use in Special Populations program. Some nematode strains used in 
this work were provided by the Caenorhabditis Genetics Center, which is funded by the 
NIH National Center for Research Resources. 
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unc-4 Antagonizes a Canonical Wnt Signaling Pathway to Regulate Synaptic 
Choice in VA Motor Neurons
Rachel Skelton*1, Judsen Schneider*1, Steven Von Stetina*2, David Miller, III1
1Vanderbilt University, Nashville, Tennessee, 2University of Utah, Salt Lake 
City, Utah
Genetic determinants govern synaptic choice in the C. elegans motor circuit. The 
UNC-4 homeodomain protein functions in VA motor neurons with the transcriptional 
co-repressor UNC-37/Groucho to prevent the adoption of synaptic inputs from command 
interneurons normally reserved for VB sisters. unc-4 mutants are unable to execute 
backward locomotion as a result of this wiring defect. Thus, we have proposed that 
the UNC-4/UNC-37 complex preserves normal VA inputs and backward movement 
by blocking expression of VB genes. This model is consistent with our finding that 
the VB-specific gene, ceh-12 (HB9 homeodomain), is normally repressed by UNC-4 
to prevent the adoption of VB-type inputs. We have now used a combination of cell 
specific microarray profiling experiments and independent mutant screens to identify 
additional unc-4 pathway genes. Our results indicate that unc-4 antagonizes a canonical 
Wnt signaling pathway that includes egl-20 (Wnt), mom-5 (Frz), goa-1 (Gαo), dsh-1 
(Dsh), bar-1 (Beta-catenin), and pop-1 (TCF/LEF). We propose that UNC-4 represses 
transcription of mom-5 and goa-1 thereby rendering VA motor neurons unresponsive 
to a posterior gradient of the Wnt ligand, EGL-20. We have used split-GFP synaptic 
markers or GRASP (GFP-Reconstituted Across Synaptic Partners) (Feinberg et al., 
2008) to confirm that Wnt signaling is required for VA motor neuron miswiring in unc-4 
mutants. Thus, this work provides a mechanistic link between transcriptional control of 
Wnt signaling and the establishment of connections between specific synaptic partners. 
 
* These authors contributed equally to this work. 
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Essential Requirement of Sulfations in Nervous System development
Raja Bhattacharya1, Katherine Berry2, Hannes Buelow1
1Albert Einstein College of Medicine, Bronx, NY, USA, 2Columbia University, 
Dept. of Biochemistry and Molecular Biophysics, New York, NY, USA
The X-linked form of Kallmann Syndrome (KS), a genetic neurological disorder with 
specific neuronal targeting and migration defects is caused by lesions in the KAL1 gene, 
which codes for a secreted molecule with similarities to neural cell adhesion molecules. 
We retrieved a suppressor locus (ot20) from a previous genetic modifier screen of mutants 
that modified a highly penetrant axon branching phenotype resulting from misexpression 
studies of kal-1, the C. elegans homologue of KAL-1, in selected sensory and interneuron 
classes (Bülow et al., 2002). 
Here we report the cloning and characterization of the previously uncloned locus ot20 
which is the most potent suppressor of the branching phenotype.  Using a cosegregating 
temperature sensitive lethality we mapped ot20 to a 100kb interval on chromosome V. 
RNA interference and transgenic rescue experiments suggest that a gene named PAPS 
transporter (pst-1) is responsible for both the suppression of branching and the lethality. 
PAPS is the high energy form of sulfate, synthesized in the cytosol and transported by 
specific transporters into the golgi where all macromolecular sulfation reactions occur. 
Furthermore, ot20 failed to complement all four available alleles of let-462 which 
mapped to a similar region and we have found mutations in both ot20 and alleles of 
let-462 within the pst-1 coding region. Moreover, we were able to rescue the let-462 null 
allele s1956 by transformation rescue experiments with a cosmid containing the pst-1 
gene. pst-1/let-462 is alternatively spliced and splice variant specific gfp reporters are 
expressed in subsets of neuronal and hypodermal cells. Consistent with this expression 
pattern we detect specific axonal migration defects in pst-1/let-462 mutants. Based on 
sequence homology with drosophila and human PAPS transporters we identified a second 
transporter (pst-2) on chromsome III, which is expressed in an overlapping set of tissues 
as pst-1 but interestingly appears to be functionally non-redundant. To understand the 
focus of action of pst-1/let-462, we carried out rescue experiments using heterologous 
promoters. These experiments show that pst-1 expressed in any tissue and as few as two 
cells can rescue the cold sensitive lethality. Our experiments show the importance of 
sulfated macromolecules for specific aspects of nervous system development. 
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The Cytoplasmic Domains of UNC-40/DCC are Sufficient to Direct 
Membrane Extension in Caenorhabditis elegans
Kevin Chan, Mariam Alexander, Alexandra Byrne, Guillermo Selman, Teresa Lee, 
Jasmine Ono, Eric Wong, Peter Roy
Department of Molecular Genetics, Collaborative Program in Developmental 
Biology, The Terrence Donnelly Centre for Cellular and Biomolecular 
Research, University of Toronto, Toronto, ON, Canada
The post-synaptic membrane of the neuromuscular junction greatly expands during 
animal development through mechanisms that are poorly understood. C. elegans is an 
excellent model to study this process because post-synaptic membrane expansion is both 
dramatic and accessible. For example, the body muscles of the worm extend plasma 
membrane, called muscle arms, to the nearest nerve cord where the muscle arm termini 
harbour post-synaptic elements. During larval development, new muscle arms are likely 
guided to the motor axons in a chemotropic fashion, resulting in a two-fold increase in 
muscle arm number. To better understand muscle arm extension, we screened ~50 000 
randomly mutated genomes for mutants with fewer muscle arms. We isolated 23 mutants 
in 14 genes, including three new alleles of unc-40, which encodes a transmembrane 
receptor orthologous to Deleted in Colorectal Cancer (DCC). We found that UNC-40 
localizes to the leading edge of the muscle membrane and functions autonomously to 
elicit muscle arm extension. Surprisingly, both the canonical ligand of UNC-40 (UNC-6/
Netrin) and the extracellular portion of UNC-40 are dispensable for normal muscle arm 
development, suggesting that UNC-40 relies on other polarizing signalling pathways to 
direct muscle arm extension.  
Additional genes identified in our screen include gex-2 (a member of the WAVE actin 
polymerization complex), madd-2 (a tripartite motif superfamily member), unc-33 (a 
CRMP-2 homolog), unc-51 (a conserved serine-threonine kinase), unc-54 (MHC-B), 
unc-60 (ADF/Cofilin), unc-73 (Trio (a RhoGEF)), unc-93 (a potassium channel complex 
member), unc-95 (a paxillin homolog), and four uncloned genes. Through double mutant 
analyses, we demonstrated that gex-2 and unc-95 are in an unc-40 pathway. Furthermore, 
we discovered that over-expressing UNC-40 in muscles induces myopodial extensions 
that can be suppressed by mutations in gex-2, unc-60, unc-73, and unc-95, suggesting 
that these genes are required for UNC-40-elicited membrane extension. We continue 
to investigate the mechanisms by which UNC-40 directs muscle arm extension to the 
motor axon targets. 
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Receptor for Activated C-Kinase (RACK-1) Controls Axon Pathfinding and 
Cell Migration
Rafael Demarco, Erik Lundquist
University of Kansas, Lawrence, KS, USA
During development, neurons extend axonal processes to appropriate targets in the 
nervous system.  In the growth cone, dynamic actin cytoskeleton reassembly creates 
protrusions (filopodia and lamellipodia) that guide axonal growth.  Such events also occur 
at the leading edge of migrating cells.  Our lab has previously characterized UNC-115 
as an actin-binding protein required for axon pathfinding in C. elegans. UNC-115 is 
downstream of Rac GTPase RAC-2, one of the three C. elegans Rac homologs that act 
redundantly in axon pathfinding. Because no physical interaction has been observed 
between UNC-115 and RAC-2, we performed a yeast-two-hybrid assay to look for 
molecules that would interact with UNC-115.  In this screen, seven cDNAs encoding 
C.elegans Receptor for Activated C Kinase (RACK-1) were isolated. RACK-1 is 
a 7-WD repeat molecule that interacts with protein kinase C and Src signaling, 
and is involved in cell shape in other systems.
Initial genetic analysis suggests that RACK-1 might act in the UNC-115 pathway in 
axon pathfinding.  Few PDE axon pathfinding defects were found in rack-1(tm2262) alone 
or in double mutant combinations with unc-115(ky275). However, double mutants of 
rack-1 and either mig-2(mu28) or ced-10(n1993), the two other C. elegans Rac GTPases, 
displayed PDE pathfinding defects. These results suggest RACK-1 and UNC-115 may 
act in the same pathway, in parallel to MIG-2 and CED-10. Similar to unc-115 mutants, 
rack-1(tm2262) alone displayed axon defects in the VD/DD motor neurons.  rack-1 also 
displayed defects in gonad shape consistent with defective distal tip cell migration, a 
defect not observed in unc-115 mutants. A rack-1::gfp fusion was expressed in most or 
all tissues, including neurons and the distal tip cells.
This analysis indicates that RACK-1 might act with UNC-115 in axon pathfinding 
and that RACK-1 might also control distal tip cell migration.  Further studies will better 
dissect the interactions of RACK-1 with UNC-115, as well as with the other Rac GTPases 
Src, and PKC. 
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Septin Functions in C. elegans Axonal Dynamics
Christine Morton, Fern Finger
Rensselaer Polytechnic Institute, Troy, NY, USA
An essential aspect of nervous system development is the extension of axons, which 
find their correct partners and form synapses, enabling neurons to communicate. Although 
the actin and microtubule cytoskeletons are crucial to nervous system development and 
stability, their roles in axon growth and maintenance are not fully understood. Another class 
of cytoskeletal filament-forming proteins, the septins, is demonstrated to interact with both 
the actin and microtubule cytoskeletons, and is implicated in neurodegenerative diseases, 
including Parkinson’s and Alzheimer’s diseases. Understanding how septins function in 
neurons is therefore critical to understanding axonal dynamics in the developing nervous 
system and in disease. C. elegans septin mutants display defects in multiple aspects of 
axonal morphology, which resemble the phenotypes of other independent mutations in C. 
elegansthat affect components of the actin cytoskeleton and their regulators. To further 
define the role of septins in the nervous system, we use primary cultures of C.elegans 
embryonic neurons as a system where cell biological analysis can be combined with the 
powerful genetics of this model system. Additionally, the simplicity of the worm septin 
system gives C.elegans a clear advantage over other animal systems for the dissection 
of basic, conserved septin functions. Neurons treated with septin dsRNA or cultured 
from septin mutant embryos are defectivein process extension and display abnormalities 
in their actin cytoskeletons. Our results suggest that septins are necessary to form the 
lamellipodia that are necessary for robust axon outgrowth, and that in the absence of septin 
function, formation of filopodia is favored. Additionally, septin mutations genetically 
interact with independent mutations in actin regulators, such as wsp-1 (N-WASP) and 
unc-34 (Ena/VASP). We hypothesize that septins are involved in establishment of the 
axonal cytoskeleton, which is necessary for axon outgrowth and stability. 
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Identification and analysis of pioneer motor axon guidance genes in the 
nematode, C. elegans
Stephanie Sybingco1, Matthew Bueno de Mesquita2, Zafarayab Naqvi2, Sang-Hyeon 
Park2, Ganna Kholkina2, Wendy Johnston3, Marie Killeen2
1York University, 2Ryerson University, 3SLRI, Mount Sinai Hospital
We are interested in the molecules that are involved in nervous system development. 
In particular, we want to understand the molecular interactions that guide the growth 
cones of the axons of pioneer motor neurons. One guidance cue involved in guidance of 
axons is the UNC-6/Netrin ligand and it has two receptors UNC-40/DCC/Frazzled and 
UNC-5. These proteins are involved in the dorsal-ward guidance of the DA and DB motor 
neurons in C. elegans and the axons are misguided in mutant backgrounds. However, the 
absence of the cue and its receptors still allows the axons to migrate part-way towards the 
dorsal cord. This suggests the existence of at least one parallel genetic pathway involved 
in guidance of these neurons. We intend to identify the genes involved in this parallel 
pathway and have approached the problem by performing a genetic enhancer screen. 
We have conducted EMS screens on a strain containing unc-129::gfp in an unc-5(e53) 
background to find mutants where the DA or the DB axons fail to leave their cell bodies 
in the ventral cord. We have thus far identified three such mutants. One of them is called 
YZ 1(rq1) and we have mapped the gene on the genome and performed phenotypic 
analysis on the mutant strain. Currently, we are able to rescue the axon guidance defects 
and other phenotypic defects of rq1 following cosmid microinjection. We are also able to 
phenocopy some of the defects using RNAi. Using forward and reverse genetics we are 
now close to the identification of the gene mutated in the first of our mutant strains. 
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UNC-129 Alters the Response to UNC-6/Netrin by Regulating the Decision 
Between UNC-40 Dependent and Independent UNC-5 Signaling
Lesley MacNeil, William Hardy, Jeffrey Wrana, Joseph Culotti
Samuel Lunenfeld Research Institute, Toronto, ON, Canada
UNC-129 is a TGF-beta family ligand that regulates ventral to dorsal migration of 
commissural motor axons in C. elegans.  Mutations in unc-129 result in motoraxons 
that do not accomplish normal ventral to dorsal migration, but instead deviate from 
their proper course.   Genetic evidence demonstrates that UNC-129 does not function as 
other TGF-beta family ligands, through the classical type I and type II serine/threonine 
kinase receptors, but instead regulates axon guidance through a novel signaling pathway. 
Genetic interactions between null alleles of unc-129 and unc-5, unc-40 and unc-6 revealed 
that unc-129 acts within the UNC-5 signaling pathway to regulate axon guidance, cell 
migration and patterning of the male tail.  Analysis of unc-40 and unc-129 compound 
null mutants demonstrates that UNC-129 acts specifically to promote UNC-5+UNC-40 
signaling.    In contrast, overexpression studies using ectopically expressed UNC-129 
suggest that UNC-129 acts to inhibit UNC-40 independent UNC-5 signaling. Together, 
these data suggest a model where UNC-129 regulates the decision between UNC-40 
dependent and independent UNC-5 signaling.  The result of this, for cells and axons 
migrating along the ventral-dorsal axis, is to increase the sensitivity of cells and axons 
to decreasing levels of UNC-6/Netrin by switching from UNC-5 signaling to UNC-
5+UNC-40 signaling. 
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The Role of NCK-1 in C. elegans Neurodevelopment
Ahmed Mohamed, Jeffrey Boudreau, Ian Chin-Sang
Queen’s University, Kingston, Ontario, Canada
Here we report that NCK-1 is as an effector of the VAB-1 Eph Receptor Tyrosine 
Kinase (RTK) signaling pathway. The C. elegans nck-1 encodes an adaptor protein with 
three SH3 domains and a single SH2 domain that is similar to the Drosophila DOCK, and 
mammalian NCK2 proteins. Several studies have shown the SH3/SH2 Nck adaptor protein 
family to be involved in the organization of the actin cytoskeleton [1-2], but the biological 
function of NCK in C .elegans is still unknown. To understand the role of the C. elegans 
nck-1, we characterized the expression pattern of NCK-1, the effects of the nck-1 null 
mutation, and the interaction of NCK-1 with VAB-1 and UNC-34/Ena. Characterization 
of the NCK-1 expression pattern revealed that NCK-1 is expressed in the neuroblasts 
of embryos, nerve ring, ventral nerve cord and head neurons. Additionally, NCK-1 is 
also seen in other cells such as epidermal cells and canal excretory cells. Analysis of 
the nck-1(ok694) null showed the presence of various neuronal defects, including axon 
guidance and neuronal cell displacement defects. For example, nck-1(ok694) animals 
display inappropriate midline crossover of HSN axons, and posterior displacement of 
HSN cells. Our biochemical experiments show that the NCK-1 SH2 domain specifically 
interacts with VAB-1 at tyrosine 673 in a VAB-1 kinase dependent manner. Furthermore, 
we found that NCK-1 can interact with UNC-34/Ena by binding to the proline rich domain 
of UNC-34/Ena. Both VAB-1 and UNC-34 have been reported to be involved in various 
aspects of neuronal development [3-6]. Finally we provide genetic evidence that NCK-1 
is a positive effector of VAB-1 RTK signaling, as nck-1(ok694) mutants can suppress the 
axon guidance defects displayed by a constitutively active VAB-1 tyrosine kinase. Overall, 
our results suggest that NCK-1 is involved in neuronal development, is a component of 
the VAB-1 signaling pathway, but has functions independent of VAB-1 signaling, and 
may link receptors like VAB-1 to the actin cytoskeleton through UNC-34/Ena. 
[1] Buday et al. Cell Signal 2002 14:723-731. 
[2] Eden et al., Nature 2002 418:790-793. 
[3] McIntire et al. Neuron 1992 8:307-322. 
[4] Zallen et al. Development 1999 126:3679- 92. 
[5] Boulin et al., Current Biology 2006 16:1871-83. 
[6] Mohamed and Chin-Sang, Developmental Biology 2006 290:164-76.
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UNC-34/Enabled and Rac GTPases regulate growth cone structure
Adam Norris, Jamie Chapman, Erik Lundquist
University of Kansas, Lawrence, KS
Developing neurites have growth cones at their tips, providing both a mechanism 
for sensing the extracellular environment and for powering the forward motion of the 
neurite. Growth cones consist of a sheet-like mass of branched actin filaments forming a 
lamellipodium, as well as multiple spiky protrusions of bundled actin filaments forming 
filopodia. UNC-34/Enabled and the Rac GTPases CED-10 and MIG-2 have been 
implicated in neurite pathfinding, but the effects of these molecules on the growth cone 
during outgrowth are unclear. Here we ask whether or not these genes have an effect on 
growth cone structure. 
The PQR neuron migrates into the phasmid ganglion and extends an anterior axon 
and a posterior dendrite, which is clearly visible using a gcy-32::gfp transgene expressed 
in PQR. After migration the PQR cell body is irregularly shaped and begins to extend a 
posterior protrusion with multiple filopodia. This posterior protrusion consolidates into a 
neurite with a growth cone at the tip. The growth cone is ringed by a lamellipodium and has 
multiple filopodial protrusions. The growth cone then continues posterior migration. 
We show that mutants for unc-34, mig-2, and ced-10 have decreased steady-state 
numbers of filopodia on the PQR dendrite. The effects of ced-10 and mig-2 were weak, 
whereas unc-34 and the mig-2; ced-10 double mutant had severe filopodia defects. 
UNC-34 was previously shown to be required for filopodia formation on the nascent HSN 
neuron (Chang et al., 2006). Despite decreased filopodia, the PQR dendrite extended to 
its normal position, as did unc-34 mutant HSN axons. While extending to the correct 
position, PQR dendrites in these mutants often exhibited multiple turns in their posterior 
extension. These data indicate that MIG-2 Rac and CED-10 Rac control growth cone 
structure, and are in line with previous results showing that UNC-34/Enabled controls 
growth cone filopodial formation. Filopodia defects might underlie the axon guidance 
defects observed in unc-34 and ced-10; mig-2 mutants. 
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Localization of CLASP2 in C. elegans
Anthony Otsuka1, Ping Gong1, Catherine MacDonald1, Jeong Ahn2, 
Gamuchirainyasha Machekanyanga1, Stephanie Burge1, Myeongwoo Lee2
1Illinois State University, Normal, IL, USA, 2Baylor University, Waco, TX, 
USA
CLASP2 is a +TIP protein that is found at the leading edges of growth cones and 
migrating cells. It also plays an important role in mitosis. We have characterized CLASP2 
by confocal microscopy using either CLASP2 antibodies (kind gift of A. Desai and 
K. Oegema) or transgenic CLASP2-GFP protein fusions. There are similarities and 
differences between endogenous and transgenic CLASP localization. For example, in 
cells of transgenic embryos, there are peripheral loops of bundled microtubules that are 
not seen in non-transgenic animals. High levels of CLASP2 are known to cause such 
loops in other systems. By confocal microscopy, it was possible to observe the details 
of CLASP2 antibody staining in many cells. While phalloidin-FITC did not strongly 
stain the cell periphery, CLASP2 staining was observed at the cell cortex. The pattern of 
CLASP2 staining changed from cytoplasmic in interphase cells to perichromosomal in 
dividing cells. The centrosomes also stained in many cells. In the hermaphrodite gonad, 
there was CLASP2 staining of material in the rachis and ring-like structures around the 
developing germinal vesicles. In newly fertilized eggs, there were peripheral wisps of 
CLASP2. In addition, there was a CLASP2-labeled terminal plaque containing several 
DNA molecules which may be an intermediate accompanying fertilization. In larval 
stages, there was strong CLASP2 staining at the apical junctions of intestinal cells, a few 
somatic cells, and at the nerve ring. For transgenic animals, CLASP2-GFP expressed from 
the CLASP2 promoter was found in several cell types, including neurons, muscle, and 
intestinal cells. CLASP2-GFP was strongly expressed in gland cells, such as pharyngeal 
g1 and g2, posterior glands, and the excretory canal cell.
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SEU-2 and SEU-3 are Mediators in Circumferential Migrations of Multiple 
Cell Types in the UNC-6 Signaling Pathway
Jasmine Plummer, Joseph Culotti
Samuel Lunenfeld Research Institute, University of Toronto, Toronto, ON, 
Canada
UNC-6/Netrin guides circumferential migrations along the dorso-ventral axis 
in C.elegans. Its receptors, UNC-40/DCC and UNC-5, mediate both attraction and 
repulsion of migrating cells or growth cones from sources of UNC-6. We have shown 
that ectopic expression of UNC-5 (mec-7p::unc-5) is sufficient to cause a dorsalward 
migration of touch neurons away from ventral concentrations of UNC-6. In an attempt 
to identify downstream signaling targets of UNC-6, a sensitized screen was conducted 
for mutants, which suppressed the dorsal rerouting of touch neurons caused by ectopic 
UNC-5 expression. This sensitized screen identified eight genes, including weak alleles 
of unc-6, unc-40 and the initial discovery of unc- 129 (Colavita and Culotii, 1998). 
seu-2(ev523)and seu-3(ev555) (suppressor of ectopic unc-5) were also identified in this 
screen but unlike other mutants, the seu mutants have no obvious phenotype on their 
own. Like other components of UNC-6 signaling, SEU-2 and SEU-3 have roles not just 
in the dorso-ventral migration of axon growth cones, but also in the migration of other 
cell types, specifically the distal tip cells (DTCs). Similar to our observation in the touch 
neurons, both seu-2 and seu-3 are able to suppress ectopic expression of the UNC-5 
receptor in the DTCs. Moreover, genetic analysis of seu-2; seu-3 double mutants reveal 
that they appear to act within the same pathway, downstream of UNC-6. A specific Rax 
(Ray Axon defective) phenotype has been previously observed in UNC-40 and UNC-6 
mutants (Jia and Emmons, 2006). We are able to demonstrate that not only is SEU-3 
indeed RAX-1, but that both SEU-2 and SEU-3 also share the Rax phenotype similar to 
those seen in mutants of UNC-6. Taken together, the phenotypes, method of isolation and 
genetic interactions of SEU-2 and SEU-3 make them interesting candidate mediators of 
UNC-6 signaling. We are utilizing genes, such as SEU-2 and SEU-3, to further elucidate 
other signaling components governing cell migration and axon guidance. 
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The C. elegans Neurogenin Ortholog ngn-1 has a Role in Axon Guidance
Dilip Rao, Douglas Portman
University of Rochester, Rochester, NY, USA
ngn-1 is the worm ortholog of the Neurogenins, a family of bHLH transcription factors 
important for neural development. To ask whether ngn-1 has a role in neural fate and 
differentiation, we have examined ngn-1(RNAi)-treated animals and mutants carrying 
the null allele ngn-1(tm2446). Interestingly, both have an uncoordinated phenotype and 
a variety of axon guidance defects. The most prominent of the latter is a “short-stop” 
defect in the AIY and AIM interneurons: axons that normally extend anteriorly from the 
cell body and subsequently turn to enter the nerve ring instead terminate prematurely near 
the expected turning point. We have also observed disorganized axonal processes arising 
from glr-1::gfp-expressing interneurons and unc-47::gfp-expressing motorneurons. In 
contrast, we have observed no major neuronal loss in ngn-1 mutants, though loss of GFP 
expression has been observed in a small but significant number of AIY interneurons. 
Together, these findings indicate that ngn-1 does not have a major proneural function, but 
instead acts to promote the proper architecture and connectivity of the nervous system. 
To study ngn-1 expression, we constructed a full-length ngn-1::gfp translational 
reporter. We have found that ngn-1::gfp is expressed predominantly in the early embryo. 
Its expression begins at ~120 minutes in the four MS cells, and subsequently appears 
in eight cells of the AB lineage, ABaxaxx. By 300 minutes, expression is limited to a 
small subset of cells in the anterior region; by ~350 minutes, no expression is detectable. 
Interestingly, we have not yet detected ngn-1::gfp expression in the lineages of the AIY or 
AIM cells, indicating that ngn-1 may act non-autonomously to promote their development. 
The early and restricted expression pattern of ngn-1::gfp suggests that ngn-1 could be 
important for the generation of cues that regulate the outgrowth and navigation of axons 
from multiple classes of neurons. 
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HLH-3, a C. elegans Achaete/Scute protein, has a role in the axonal 
pathfinding of hermaphrodite-specific motor neuron (HSN) that is 
independent of UNC-40.
Saleel Raut, Aixa Alfonso
University Of Illinois at Chicago, Chicago, IL, USA
The basic helix loop helix protein, HLH-3, is a member of the achaete/scute family 
in C. elegans that is required for normal egg-laying behavior. hlh-3 mutants have an 
egg-laying defective (Egl) phenotype. We have shown (Doonan et al., 2008 submitted) 
that the mutant phenotype results from abnormal axonal pathfinding in hermaphrodite-
specific motor neurons (HSNs) that fail to innervate the vulval muscles. The NETRIN/
UNC-6 receptor UNC-40/DCC is necessary for the guidance of the HSN axons (Garriga 
et al.,1993; Chan et al., 1996; Gitai et al., 2003; Adler et al., 2006). We hypothesized that 
unc-40 is a downstream target of HLH-3. To test this we characterized the expression of 
an unc-40:: gfp rescuing construct in the hlh-3 mutant background. We find that 65% of 
the HSN’s expressed unc-40. Among the HSN’s that expressed unc-40, 60% had axonal 
pathfinding defects. These observations suggest that unc-40 is not regulated by hlh-3 
and it acts on some other target downstream from UNC-40 or in a parallel pathway. We 
then considered whether hlh-3 has a role in the differentiation of the pioneer neuron PVQ 
(Garriga et al., 1993). To test this we studied the trajectory of PVQ and observed that it 
projects normally in an hlh-3 mutant. Lastly, we note that hlh-3 does not seem to play 
a role in the regulation of the guidance cue, UNC-6/NETRIN, as hlh-3 mutant animals 
are not uncoordinated (Unc). Currently we are looking at SYG-1, a receptor on HSN’s 
that binds with the guidepost signal SYG-2 for proper synapse formation (Shen et al., 
2004), as a possible target of HLH-3. 
- Doonan et al., 2008 submitted
- Garriga et al., 1993;
- Chan et al., 1996;
- Gitai et al., 2003;
- Adler et al., 2006;
- Shen et al., 2004
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The Role of 3-O Sulfation of Heparan Sulfate in Neuronal Development in C. 
elegans
Eillen Tecle, Hannes Buelow
Albert Einstein College of Medicine, Bronx, NY, USA
Heparan sulfate (HS) plays a fundamental role in a variety of biological process, 
including neuronal development. HS is a highly modified un-branched glycosaminoglycan 
exhibiting substantial molecular diversity of modifications, including sulfation, 
epimerization and acetylation. Our lab is interested in how the HS modifications regulate 
neuronal connectivity and patterning in C. elegans. HS modifications studied thus far 
have been documented to have specific and instructive roles (Bülow and Hobert, 2004 
Neuron; Bülow et al, unpubl.) in neuronal development leading to the hypothesis of a 
HS code which regulates the patterning of the nervous system. However, the role of the 
3-O sulfation modification, generated by heparan sulfotransferase 3 enzymes (HST-3), 
has not been established. Although 3-O sulfation is the rarest HS modification, seven 
genes are part of the vertebrate HST-3 gene family and most have temporarily and 
spatially restricted expression in the developing and post-natal mouse brain indicating 
that the modification is critical for neuronal development. I will document the role of 3-O 
sulfation in neuronal development by analyzing the neuronal patterning in null mutants 
of hst-3.1 and hst-3.2, the only HST-3 genes in C. elegans. Preliminary data indicates 
that hst-3.2 and hst-3.1 may be required for synaptic branch formation suggesting that 
3-O sulfation may be a crucial determinant in the establishment of neuronal connectivity. 
Tissue specific rescue and transcriptional reporter constructs are currently being analyzed 
to understand the focus of action of hst-3.1 and hst-3.2 for the development of various 
neurons. In addition, we are conducting genetic experiments to determine how HS bearing 
3-O sulfated sugar residues impinges on different signaling pathways that are important 
for neuronal development 
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The MIG-15 Kinase Acts with Wnts to Regulate Neuronal Migration and 
Polarity
Shih-Chieh Chien, Gian Garriga
Department of Molecular and Cell Biology, University of California, Berkeley
MIG-15 is the C. elegans ortholog of Nck-interacting kinase (NIK) in mice and 
Misshapen in Drosophila.  We have characterized the cell migration defects of mig-15 
mutants, confirming and extending observations made by Zhu and Hedgecock (1997)1. 
In L1 animals, the descendents of the QR neuroblast migrate anteriorly, while QL 
descendents migrate posteriorly.  In mig-15 mutants, the QR descendents stopped 
prematurely while the QL descendents migrated anteriorly in the wrong direction.  These 
defects are similar to those found in Wnt mutants, suggesting that mig-15 may function 
in Wnt signaling.  The Wnt EGL-20 controls the posterior migration of QL descendents 
by activating the Hox gene mab-5 through a canonical signaling pathway. We found 
that mab-5 expression in QL descendents was attenuated in mig-15 mutants and that a 
gain-of-function mab-5 mutation completely suppressed the QL migration defects of 
mig-15 mutants.  A mutation in pry-1/Axin, a negative regulator of mab-5 expression, 
also suppressed the mig-15 QL defects. These observations suggest that MIG-15 acts in 
the EGL-20/Wnt pathway upstream of PRY-1/Axin. 
Wnts also control the polarity of the mechanosensory neuron ALM 2,3. We found that 
mig-15 mutants exhibit a low penetrance of ALM polarity defects and that these mutant 
phenotypes were enhanced by a mutation in cwn-1, one of five C. elegans Wnt genes. 
Thus, mig-15 may mediate the effects of Wnts on ALM polarity.  In S. cerevisiae, Kic1p, 
a distant relative of MIG-15, acts in the RAM signaling pathway to regulate polarized 
cell growth.  We asked whether C. elegans orthologs of RAM signaling molecules 
regulate ALM polarity.  We found that sax-2, an ortholog of the scaffold protein Tao3p, 
interacted synergistically with cwn-1 in ALM polarity. SAX-2 and SAX-1, a kinase in the 
NDR family, coordinately regulate process length of the mechanosensory neuron PLM 4. 
However, we failed to detect an ALM phenotype in cwn-1; sax-1 double mutants.   We 
are currently asking whether other NDR kinases function in ALM polarity. 
1. Zhu X. & Hedgecock EM. (1997).International C. elegans Meeting. 
2. Hilliard MA, Bargmann CI. (2006) Dev. Cell 10: 379-390. 
3. Prasad BC, Clark SG. (2006) Development 133: 1757-1766. 
4. Gallegos ME & Bargmann CI. (2004) Neuron 44: 239-249. 
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Distinct Roles Of Different C. elegans Insulins In Dauer Entry And Dauer Exit
Astrid Kleinert, Mario Gloeck, Joy Alcedo
Friedrich Miescher Institute, Basel, Switzerland
Insulin-like peptides (ILPs) can convey environmental cues to regulate diverse 
biological processes.  C. elegans has 40 ILPs and it remains unclear how this large ILP 
family regulates physiology in response to the worm’s environment.  The downregulation 
of the ILP signaling pathway in response to harsh environments has been shown to 
prevent the development of reproductive adults.  This downregulation can induce an 
alternative program that gives rise to a developmentally arrested dauer larva.  Since 
many ILPs are expressed in sensory neurons and interneurons, some of these peptides 
may translate different sensory information to promote either reproductive development 
or dauer formation.
Our genetic analyses of deletion mutations showed that daf-28 and ins-6 are required 
to ensure reproductive development.  We found that daf-28 and ins-6 inhibit dauer entry 
in a partly redundant manner and that daf-28 exerts a more primary role than ins-6 in 
suppressing dauer entry.  We observed that daf-28 and ins-6 also promote dauer exit, and 
that ins-6 in this instance exerts a more primary role than daf-28 in this process.  Thus, 
these two insulin ligands display inverse functional hierarchy in the regulation of dauer 
entry and dauer exit.
On the other hand, ins-1 is a weak antagonist of the pathway and is required to 
promote dauer entry.  In addition, we found that ins-1 inhibits dauer exit, which suggests 
that, unlike daf-28 and ins-6, ins-1 is required to ensure dauer formation under harsh 
environmental conditions.  
Together our data suggests that specific insulins convey different sensory information 
to regulate different developmental programs.
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Contact: eardiel@interchange.ubc.ca 
Lab: Rankin 
Conspecific Cues Mediate Developmental Plasticity
Evan Ardiel, Catharine Rankin
University of British Columbia
Environmental cues derived from conspecific s play an important role in mediating 
the developmental program of C. elegans. We previously showed that worms reared in 
isolation have a decreased response to mechanical stimulation, a down-regulation of 
pre- (snb-1) and post-synaptic (glr-1) markers in the mechanosensory neural circuit, a 
smaller body size, and a delayed onset of egg-laying (Rose et al., 2005). Non-localized 
mechanical stimulation delivered anytime during development was sufficient to rescue the 
effect of isolation on response to mechanical stimulation and glr-1 and snb-1 expression 
(Rai & Rankin, 2007). This suggests that tactile interactions with conspecifics impact 
neurodevelopment of the mechanosensory circuit. However, neither localized (sephadex 
beads on the agar) nor non-localized (taps) mechanical stimulation had any influence on 
body size, which we hypothesize is modulated by chemosensory cues from conspecifics. 
Sensory structure (che-3 and osm-3), signal transduction (osm-9 and tax-4), and cell 
specification (ceh-36) mutants were used to identify the subset of neurons through which 
the cues are sensed. Loss of TGF-β signaling (dbl-1 and sma-6) disrupts the effect of 
isolation on body size, suggesting this is the pathway through which conspecific cues 
exert their influence.
Rai, S. & Rankin, C.H. (2007) Critical and sensitive periods for reversing the effects of mechanosensory 
deprivation on behavior, nervous system and development in Caenorhabditis elegans. Developmental 
Neurobiology, in press.
Rose, J. K., Sangha, S., Rai, S., Norman, K., & Rankin, C. H. (2005) Decreased sensory stimulation 
reduces behavioral responding, retards development and alters neuronal connectivity in Caenorhabditis 
elegans. Journal of Neuroscience, 25 (31), 7159-7168.
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Contact: jsocko@ku.edu 
Lab: D 
A Structure-Function Analysis of the LAR-Receptor Tyrosine Phosphatase in 
Synaptic Development
John Gallagher, Alycia Barland, Lindsey Roe, Brian Ackley
The University of Kansas, Lawrence, (KS), USA
The Leukocyte-common antigen related (LAR) receptor regulates many different 
facets of neural development, including cell migration, axon guidance and synapse 
formation. We have previously demonstrated that the C. elegans LAR homologue, ptp-3 
functions at neuromuscular junctions to maintain the proper morphology of synaptic 
domains, including the vesicle clustering region and the active zone.  The ptp-3 locus 
encodes for at least two distinct proteins, LAR-A and LAR-B, which differ in the 
extracellular domain, and our analyses indicate that PTP-3A is the only isoform active 
at synapses.  To understand how PTP-3A functions at synapses we have undertaken a 
structure-function analysis.  We have deleted predicted protein motifs from the PTP-3A 
specific part of the extracellular domain and will test their ability to rescue.  We have 
targeted the 3 N-terminal immunoglobulin (Ig) repeats, as well as two of the fibronectin 
type III (FNIII) repeats.  The Ig repeats of another type IIa RPTP, ptp-3σ, were shown 
to bind specifically to heparan sulfated proteoglycans, where as the 5th FNIII repeat of 
vertebrate LAR was found to be able to immunoprecipitate the laminin-nidogen complex 
in vitro.  We will present data looking at the localization of the deletion constructs, 
their effect on the size and shape of active zones and vesicle clustering domains and on 
behavioral measures of synaptic transmission.
A second question we are asking is the function of the intracellular phosphatase 
domains.  A PTP-3A transgene lacking the intracellular domain (ICD) is incapable of 
rescuing the synaptic defects.  We wanted to know if this represented a structural role for 
PTP-3A at the synapse or whether the catalytic phosphatase activity was necessary.  We 
have generated mutations in the phosphatase domains to test their function in synapse 
development.  We have found that in an in vitro phosphatase assay that mutations in the 
first phosphatase domain (C1) result in approximately a 10-fold loss of activity relative 
to the intact C1 domain.  The second phosphatase domain in LAR-like RPTPs has been 
shown to be catalytically inactive.  We have mutated this domain to have the necessary 
residues to be active.  This protein shows approximately 60-fold more activity in the 
phosphatase assay.  We will generate lines of animals with either the hypoactive or 
hyperactive version of PTP-3A in the ptp-3 null background and evaluate the effect on 
synaptic morphology and function. 
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Contact: hall@aecom.yu.edu 
Lab: Hall 
What’s New on WormAtlas and WormImage?
David Hall, Laura Herndon, Carolyn Norris, Chris Crocker, Tylon Stephney, 
Zeynep Altun
Albert Einstein College of Medicine, Bronx, NY
The pages of WormAtlas are getting a fresh look and organization.  These changes 
will start from the front page and then be implemented throughout the Handbook and 
many other portions of the website.  Here we will explain the principles of the new 
organization, and show you how to find your favorite features.  This is the first major 
revamping of WormAtlas since its launch in 2002.  We hope you will find the site simpler 
to navigate and we expect it will be more intuitive for beginners.  As much as possible, 
these changes should not disrupt any previous weblinks you have established to your 
favorite pages.  Inside the WormAtlas website, there will be several major changes. First 
will be an improved adult hermaphrodite handbook; it will include several completely 
revised chapters and a new one covering the nervous system. Second will be the launch of 
a handbook for anatomy of the worm embryo. Third will be the addition of more data to 
Slidable Worm.  Lastly, we will be adding many new Neuron pages for the male nervous 
system in order to highlight new synaptic patterns emerging from the Wired Worm project 
conducted together with Scott Emmons. The WormImage website is expanding steadily. 
It now presents much more mutant data, particularly for genes affecting the nervous 
system.  As before, we are relying heavily on MRC datasets, but we will continue to 
add more from the Riddle and Hall lab files.  We encourage more laboratories to share 
your own best archival TEM and SEM images for this purpose.  We are very grateful to 
many labs that have already contributed ideas, advice and experimental results that are 
featured on these websites.  This work is supported by NIH RR12596. 
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Contact: jauregui@dls.rutgers.edu 
Lab: Barr 
The C. elegans Nephrocystins and Ciliary Pore Hypothesis
Andrew Jauregui2, Ken Nguyen1, David Hall1, Maureen Barr2
1Albert Einstein College of Medicine, Bronx, (NY), USA, 2Rutgers University, 
Piscataway, (NJ), USA
Nephronophthisis (NPHP) is the most common genetic cause of end stage renal disease 
in children and young adults. In Chlamydomonas, Caenorhabditis elegans, and mammals, 
the NPHP1 and NPHP4 gene products, nephrocystin-1 and nephrocystin-4, localize to 
the ciliary transition zone (or basal body) and to the axoneme in some organisms. Cilia 
are nearly ubiquitous, act as the cell’s antenna, coordinate many developmental and 
signaling processes, and are built by a highly conserved process called intraflagellar 
transport (IFT). Ciliary dysfunction is proposed to be the common basis of many cystic 
kidney diseases. 
We previously demonstrated that loss of C. elegans NPHP-1 and NPHP-4 from TZs 
is tolerated in developing cilia but causes subtle changes in the localization of some IFT 
components. These perturbations sensitize the cilium to further dysfunction and leads to 
a broad range of subtle axonemal ultrastructural defects. In amphid channel cilia, nphp-4 
mutations cause B-tubule defects that may further disrupt IFT. We propose that NPHP-1 
and NPHP-4, along with other TZ proteins, act globally at the cilia base to regulate access 
of the IFT machinery, axonemal structural components, and signaling molecules. Further 
disruption of TZ proteins can result in ciliary defects. 
To test a model whereby the nephrocystins function at the putative ciliary pore 
(Rosenbaum and Witman, 2002), we are examining physical interactions between 
NPHP-1, NPHP-4, and key IFT components. Preliminary data has revealed that the 
nephrocystin complex at the TZ physically interacts with at least one IFT polypeptide. In 
addition, we have performed yeast two-hybrid screens with different NPHP-4 domains 
as bait and identified one candidate that may function as a component of a ciliary pore 
complex. Finally, we are characterizing the C. elegans nphp-2, nphp-8, and nphp-9 
homologs, their roles in ciliated sensory neurons, and their genetic interactions with 
nphp-1 and nphp-4.
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Contact: koushika@ncbs.res.in 
Lab: Koushika 
Investigating the role of regulators of Kinesin-I in mitochondrial transport 
in axons
Guruprasad Reddy Sure, Swathi DeviReddy, Sandhya Koushika
NCBS-TIFR, Bangalore, Karnataka, India
Kinesin-I; a hetero tetrameric protein consists of kinesin heavy chain and kinesin 
light chain, transports many cargos such as mitochondria, vesicles, mRNPs etc. Proteins 
such as UNC-16/dSYD, UNC-76/FEZ1, UNC-14, UNC-51 and UNC-69 have been 
reported for their role as regulators of Kinesin-I in the transport and localization of 
proteins transported on vesicles. In Kinesin-I mutants mitochondrial numbers in axons 
are reduced.  Likewise mitochondrial numbers in axons are reduced in unc-76, unc-14, 
unc-51 and unc-69 mutants.  However an increase in mitochondrial numbers in axons 
are seen in unc-16 mutants.   This increased number in unc-16 mutants is independent of 
both kinesin heavy chain and light chain but is dependent on UNC-51 and UNC-76.  Time 
lapse image analysis of an unc-16 mutant shows decrease in retrograde flux and average 
velocity of mitochondrial movement.
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Contact: koushika@ncbs.res.in 
Lab: Koushika 
Understanding the role of specific residues in the UNC-104 PH domain in 
function in vivo
Jitendra Kumar, Sundar Ram Naganathan, Bikash Choudhary, Sandhya Koushika
NCBS-TIFR, Bangalore, Karnataka, India
UNC-104 is a kinesin-like motor protein that transports synaptic vesicles from the 
neuronal cell body to the axonal terminals (synapse). In unc-104 mutants, presynaptic 
vesicles accumulate in the cell body, and the number of synaptic vesicles is reduced in the 
synapses.  Further, muscle arm extension to the nerve cord is greatly reduced.  UNC-104 
has a PH domain that binds PI(4,5)P2 in vitro and is essential for function in vivo. It is 
suggested that the PH domain confers cargo specificity; however the molecular players 
that participate along with UNC-104 in cargo recognition are unidentified. Amongst the 
numerous alleles sequenced, unc-104(e1265) has a lesion in the cargo binding PH domain 
(D1497N). In an attempt to understand both the function of the PH domain & isolate 
regulators of cargo binding, we undertook a genetic suppressor screen using the unc-
104(e1265) allele. We have isolated 12 suppressors that improve the movement defects 
of unc-104(e1265) to differing degrees. Six suppressors are within the unc-104 locus. 
Three of the suppressors isolated are intragenic with additional changes in the PH domain, 
namely (M1540I) and (R1501Q). These intragenic suppressors show partial restoration 
of mobility either due to increase in binding affinity towards cargo or increased protein 
stability or a combination of both. We are currently testing the role of specific lesions in 
the PH domain on vesicular transport and trying to understand whether the increase in 
transport is due to increased protein stability or improved binding to cargo. 
Poster Topic: 02 Neurodevelopment 
120
Contact: aniqueom@brandeis.edu 
Lab: Sengupta 
Mechanisms generating ciliary structural diversity in C. elegans
Anique Olivier-Mason, David Doroquez, Piali Sengupta
Brandeis University, Waltham, (MA), USA
Cilia are organelles that are present in almost all mammalian cell types. Non-motile 
primary cilia play critical roles in sensing the environment, and defects in non-motile 
primary cilia have been implicated in devastating birth defects.  Cilia have a highly 
conserved structure consisting of a central microtubular axoneme, surrounded by a 
membrane. Cilia are formed via intraflagellar transport (IFT), which traffics axoneme 
precursors and membrane proteins. Components required for IFT are highly conserved 
from the green algae Chlamydomonas to humans. Interestingly, although the majority 
of primary cilia exhibit relatively simple structures, cell types such as photoreceptors 
and olfactory neurons contain highly specialized cilia required for the unique sensory 
functions of these neurons. Although IFT is required for the formation of these specialized 
cilia, the mechanisms by which ciliary diversity is generated are unclear. A better 
understanding cilia structural diversification will provide insights into the causes of 
human cilopathies. 
Caenorhabditis elegans is an ideal model organism for studying the formation and 
function of cilia. ~60 neurons contain primary cilia, and a subset of these cilia exhibit 
highly diverse morphologies. Cilia are essential for the correct functions of these neuron 
types. As in other organisms, IFT is mediated via highly conserved molecules. We are 
interested in understanding how cell-specific ciliary diversity arises. Preliminary data 
from our lab suggest that ciliary diversity can arise from the differential deployment of 
IFT proteins and motors in different cilia types. We have identified mutants in which 
the structures of specific cilia are disrupted, suggesting that the genes affected by these 
mutations may play a role in generating ciliary structural diversity. We are also exploring 
whether the composition of IFT particles and motors differ in a cell type-specific 
manner. To address this issue, we have isolated and identified IFT particle components 
via immunoprecipitation and mass spectrometry (in collaboration with the Yates lab at 
Scripps). We are also identifying all genes expressed in single ciliated adult neuron types 
in order to identify genes acting in a cell-specific manner to regulate ciliary morphology. 
Insights through this combined approach of genetics, genomics and biochemistry may 
allow us to better understand of the structure and function of these important cellular 
organelles. 
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Contact: sarah.anthony@vanderbilt.edu 
Lab: Miller 
Identification of Synaptic Remodeling Genes by Expression Profiling of 
unc-55 GABAergic Neurons
Sarah Anthony1, Joseph Watson1, Kathie Watkins1, Bill Walthall2, David Miller1
1Vanderbilt University Medical Center, Nashville, TN, USA, 2Georgia State 
University, Atlanta, GA, USA
Neurons adopt polarized morphologies to create separate axonal and dendritic 
compartments. The ability to reorganize these compartments in response to injury or 
developmental cues is an evolutionarily conserved feature of neurons. One striking 
example of this phenomenon occurs in the C. elegans GABAergic nervous system. 
Dorsal D (DD) motor neurons initially adopt a ventral polarity to innervate ventral 
body wall muscle. At the end of the first larval stage, DD motor neurons are remodeled 
to synapse with dorsal muscles. This polarity switch is coincident with the birth of VD 
motor neurons, which innervate ventral muscle. In unc-55 mutants, VD motor neurons 
mimic the dorsal polarity of DD motor neurons. UNC-55, a member of the COUP family 
of nuclear hormone receptors, is expressed in VD motor neurons, where it appears to 
function as a transcriptional repressor. Thus, we propose that UNC-55 functions as a 
transcriptional switch to repress a synaptic remodeling program in VD motor neurons. In 
this model, UNC-55 targets are likely to fulfill crucial roles in the synaptic remodeling 
program. With the goal of identifying these genes, we have employed the mRNA tagging 
method to obtain larval gene expression profiles of wild-type and unc-55 GABAergic 
motor neurons. Comparison of these profiles has uncovered 118 enriched transcripts and 
11 depleted transcripts in unc-55 DD and VD motor neurons. We predict that the enriched 
transcripts represent pro-remodeling genes normally repressed by UNC-55 in VD motor 
neurons. Likely UNC-55 targets uncovered in our study include novel, uncharacterized 
genes, as well as genes with known roles in synaptogenesis, cytoskeleton rearrangement, 
and cell-cell communication. Currently, we are confirming regulation of these genes by 
UNC-55 and testing for function in the DD synaptic remodeling program. Our study is 
expected to reveal key downstream effectors of neuronal polarity. 
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Contact: mbalar2@uic.edu 
Lab: Alfonso 
HLH-3 has a role in regulating unc-40 expression in the VC neurons of C. 
elegans
Meenakshi Balaraman, Saleel Raut, Aixa Alfonso
University of Illinois at Chicago,Chicago,IL,USA
HLH-3, a basic helix-loop- helix (bHLH) transcription factor in C. elegans has been 
shown to be required for differentiation of HSN neurons. (Doonan et al., 2008, submitted).
Worms that lack HLH-3 function are egg-laying defective (Egl). The Egl phenotype is 
likely to be a result of abnormal differentiation and pathfinding defects of the HSN’s.
(Doonan, et al., 2008, submitted).Since work by many others (Garriga et al., 1993; Gitai 
et al., 2003; Adler et al., 2006; Chang et al., 2006) has shown that UNC-40/DCC mediates 
the reception to attractive cues (UNC-6/netrin) for ventral projection of the HSN axon, 
we asked whether hlh-3 mutants lack UNC-6 signaling in the HSN’s. In order to test 
this, we characterized the expression of unc-40::gfp in an hlh-3 mutant background. 
Expression of this functional unc-40 reporter is variable in the HSN’s (See Raut, et al., 
this meeting). However, to our surprise, the VC4 and VC5 neurons in the hlh-3 mutant 
lack the expression of unc 40::gfp. The absence of unc-40::gfp expression is not due to 
the absence of the VC’s, as staining for UNC-17 (vesicular acetylcholine transporter) in 
the hlh-3 mutant, showed the presence of VC4 and VC5. We report on characterization 
of the VC axons in hlh-3 and unc-40 mutants and we are further interested in studying 
whether a defect in VC function is involved in the Egl phenotype of the hlh-3 mutant.
References 
Ryan Doonan., Julia Hatzold, Saleel Raut, Barbara Conradt and Aixa Alfonso(2008) (submitted) 
Garriga, G., Desai, C. and Horvitz, H.R. (1993) Development 117, 1071-87
Gitai, Z., Yu, T.W., Lundquist, E.A., Tessier-Lavigne, M. and Bargmann, C.I. (2003) Neuron 37, 53-65
Adler, C.E., Fetter, R.D. and Bargmann, C.I. (2006) Nat Neurosci 9, 511-518
Chang, C., Adler, C.E., Krause, M., Clark, S.G., Gertler, F.B., Tessier-Lavigne, M. and Bargmann, C.I. 
(2006) Curr Biol 16, 854-862
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Contact: md2398@columbia.edu 
Lab: Hobert 
Automated screening for mutants affecting Dopaminergic neuron 
specification in C. elegans
Maria Doitsidou1, Nuria Flames1, Alexander Boyanov1, Albert Lee2, Oliver 
Hobert1, 3
1Columbia University Medical Center, Department of Biochemistry and 
Molecular Biophysics, New York, 2UCSF, 3Howard Hughes Medical Institute
We describe an automated method to isolate mutant C. elegans animals, which fail 
to appropriately execute a cellular specification program that we monitor with 
gfp-based reporter gene technology. We show that a fluorescence activated 
sorting mechanism implemented in the COPAS Biosort machine is able to 
isolate mutants with subtle alterations in the cellular specificity of gfp expression. 
We show that this methodology is significantly more efficient than comparable manual 
screens. We utilize this methodology to isolate mutants in which dopamine neurons fail 
to develop appropriately. We describe mutants in 13 complementation groups in which 
specific subtypes of dopaminergic neurons fail to execute their differentiation program 
appropriately or in which the dopaminergic cell fate markers are ectopically expressed. 
Some of these mutants are alleles of known transcription factors previously not implicated 
in these specific dopaminergic cell differentiation events and others define novel genetic 
loci. The applicability of automated animal sorting to C. elegans cell fate mutant isolation 
and its implicit scalability opens the door to exhaustively interrogate the genome for 
factors controlling cell-type specific gene expression programs. 
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Contact: ralda.nehme@dartmouth.edu 
Lab: Conradt 
Identification of Factors Involved in the Specification of the Cell Death of 
the Sexually Dimorphic CEM Neurons
Ralda Nehme1, Tatiana Tomasi1, Stefanie Loser2, Phillip Grote1, Barbara Conradt1
1Dartmouth Medical School, Hanover, (NH), USA, 2Max Planck Institute, 
Munich, Germany
The CEMs (cephalic companion neurons) are four sexually dimorphic neurons located 
bilaterally between the two bulbs of the pharynx. The CEMs are sexually dimorphic 
as a result of programmed cell death: they are born around 320 min after the first cell 
division in both males and hermaphrodites and show signs of differentiation before being 
specifically removed in hermaphrodites about 150 min later. The death of the CEMs in 
hermaphrodites is dependent on the central programmed cell death pathway. 
To identify factors involved in the regulation of the sex-specific death of the CEMs, 
a screen for mutations that cause the inappropriate death of the CEMs was carried out 
using masculinized sel-10(n1077gf) hermaphrodites in which the CEMs survive. From 
this screen, three mutations were isolated that are discussed here:  bc151, bc155, and 
bc159. Any one of these mutations results in the absence of CEMs in sel-10(n1077gf) 
hermaphrodites, as well as him-5(e1490) males. We determined that bc151 is a new 
allele of unc-86, which encodes a POU homeodomain transcription factor, previously 
implicated in neuronal specification including the specification of the CEMs. Furthermore, 
we determined that bc155 is a mutation in the gene lrs-1, which encodes a leucine tRNA 
synthetase, and that bc159 is a mutation in the gene W08A12.1, which encodes a novel, 
uncharacterized protein with a P-loop motif and limited sequence similarity to the 
human serine/threonine-protein kinase and proto-oncoprotein PIM1. Through lineaging 
experiments, we found that the lack of CEMs in bc151, bc155 and bc159 mutants is not 
a result of inappropriate programmed cell death, but a defect in CEM specification and/
or differentiation. This result was confirmed by the observation that in the ced-3(n717) 
background, in which programmed cell death is blocked in general, differentiated CEMs 
are not observed in bc151, bc155, or bc159 mutants. Moreover, the defect in bc151, bc155 
and bc159 mutants appears to be CEM specific, as other cells in the CEM lineage do not 
seem to be affected. The death of the CEMs in hermaphrodites is dependent on the gene 
egl-1, which encodes a pro-apoptotic member of the BCL2 family of proteins. In males 
in which the CEMs survive, egl-1 transcription is repressed by the BarH homeodomain 
transcription factor CEH-30. We are currently focusing our efforts on determining where 
unc-86, lrs-1 and W08A12.1 act with respect to the ceh-30 and egl-1 genes. 
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Contact: mmo2104@columbia.edu 
Lab: Hobert 
lsy-12 controls a left/right neuronal fate decision in C. elegans
M. Maggie O’Meara1, Oliver Hobert2, 1
1Columbia University, New York, NY, 2Howard Hughes Medical Institute
A fundamental strategy for achieving neuronal diversity is to create functional 
distinction across bilaterally symmetric anatomy.  In this way, a developmental scheme 
can lead to a more sophisticated animal. In C. elegans, the ASE chemosensory neurons, 
ASEL and ASER, share many bilateral features but sense different gustatory cues 
increasing their ability to react to their environment.  To determine how this functional 
difference is developed, we have performed several large-scale genetic screens uncovering 
a variety of factors necessary for the development of the asymmetry of the two cells. 
Six alleles isolated in this screen, which are all necessary for ASEL fate, fall into the 
same complementation group and genetic locus.  Here we will describe the cloning 
and characterization of lsy-12, a gene required for the correct execution of the bilateral 
asymmetry of the ASE neurons.
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Contact: cody.j.smith@vanderbilt.edu 
Lab: Miller 
Gene Expression Profiling of PVD neurons identifies determinants of 
nociceptor morphogenesis
Cody Smith1, Joseph Watson1, William Spencer1, Adi Albeg2, Millet Treinin2, David 
Miller III1
1Vanderbilt University, 2The Hebrew University of Jerusalem
Sensory neurons that detect noxious stimuli (nociceptors) are typified by complex 
dendritic arbors adjacent to the skin. Mechanisms that govern the creation of these highly 
branched structures are poorly understood. To identify candidate genes that regulate this 
process, we used the mRNA tagging method to generate a gene expression profile of 
the harsh touch neuron, PVD. The PVD neuron (L+R) extends an elaborate network of 
dendritic branches from the postdeirid to envelop the animal in a net-like array of sensory 
processes located directly beneath the hypodermis. Our microarray results identified 
~2,000 transcripts with significant enrichment (1.5 fold) in PVD vs a reference profile 
obtained from all L3 stage cells. The specificity of this data set is confirmed by strong 
enrichment of known PVD genes (e.g. deg-3, des-3, mec-3) and by PVD expression of 
representative promoter-GFP fusions. RNAi and genetic analysis of candidate transcripts 
from this list have detected specific genes that regulate dendritic morphogenesis. Of 
particular interest is our finding that genes with established roles in axon guidance also 
govern directed outgrowth and branching of PVD dendrites. A detailed analysis of these 
results will be presented.
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Contact: jun@gen.s.u-tokyo.ac.jp 
Lab: Iino 
Identification of genes expressed left/right asymmetrically in ASE neurons 
of C. elegans
Jun Takayama1, Serge Faumont2, Hirofumi Kunitomo1, Shawn Lockery2, Yuichi 
Iino1
1University of Tokyo, Tokyo, Japan, 2University of Oregon, Eugene, OR, USA
ASE neurons (ASEL and ASER) are the main gustatory sensory neurons of C. elegans. 
They are morphologically identical but differ in gene expression and functions. To 
find genes that are expressed asymmetrically in ASE neurons and responsible for their 
differential functions, we compared the gene expression patterns of ASEL and ASER 
by microarray analysis combined with the mRNA tagging method. In this method, 
transcripts of target cells are co-purified with FLAG epitope-tagged poly (A) binding 
protein (FLAG::PABP) expressed specifically in the cells. We generated transgenic 
worm strains expressing FLAG::PABP in ASEL or ASER. Applicability of this method 
to single neurons was confirmed by semi-quantifying the amount of known cell-specific 
transcripts. Six microarray experiments were performed with four pairs of independently 
prepared RNA samples. Genes were ranked by the ratio of hybridization intensities, and 
those with the average ratio higher than 1.7 were selected as candidates for laterally 
biased genes: 68 for ASEL and 290 for ASER. Of the genes previously known to be 
expressed asymmetrically in ASE, four out of seven were included in the candidate lists 
for ASEL, and four out of six for ASER. We examined the expression patterns of 19 out 
of 20 top-ranked ASER-biased candidates, whose expression patterns were unknown in 
terms of ASE laterality. Of these, seven genes showed exclusive or biased expression 
in ASER (gcy-3 and six novel genes). We also examined the expression patterns of 
several candidates that are well conserved and/or associated with known functions in 
the nervous system, and found two genes that are asymmetrically expressed in ASER. 
Altogether, we found eight novel ASER-biased genes: two neuropeptide-like proteins, 
one guanylate cyclase whose biased expression had not been recognized before, four 
genes with unknown functions, and TRP-2/TRPC channel. We are currently analyzing 
the function of TRP-2 in ASE neurons by calcium imaging and by behavioral assays. 
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Contact: anna.zinovyeva@umassmed.edu 
Lab: Ambros 
Determination of miRNA Function in the C. elegans Nervous System
Anna Zinovyeva, Maria Ow, Natalia Martinez, Marian Walhout, Victor Ambros
UMass Medical School
microRNAs (miRNAs) are small ~22nt molecules that function in many developmental 
processes by affecting target gene expression at the post-transcriptional level. Despite 
a number of studies where miRNA function has been determined by loss or gain of 
function experiments, our knowledge concerning miRNA involvement in the nervous 
system for the most part comes from miRNA expression profiling. miRNAs have been 
shown to be enriched in the nervous systems of Drosophila, zebrafish, and mouse, with 
some miRNAs differentially expressed in subsets of the nervous system. 
To explore the possible roles of miRNAs in the C. elegans nervous system development 
and function, miRNA GFP reporters were analyzed for neuronal-specific expression. 
Based on the expression patterns, several putative neuronal miRNAs have emerged. These 
miRNAs are expressed exclusively within the C. elegans nervous system, suggesting that 
it may be the sole site of their function. Because of possible redundancy among miRNAs 
within or across families, combinations of miRNA mutants are being made based on their 
overlapping expression patterns. Single and double mutants are currently being assayed 
for mechanosensory, chemosensory, foraging, egg-laying, and locomotion defects. In 
addition, we are assessing neuronal architecture, including axon guidance and synapse 
formation in the miRNA mutants by utilizing GFP reporters. 
Progress on initial characterizations of putative neuronal miRNAs will be 
discussed.
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Contact: shaham@rockefeller.edu 
Lab: Shaham 
CEP Sheath Glia Express hlh-17/Olig, and Promote Neurite Morphogenesis 
and Nerve Ring Assembly
Satoshi Yoshimura, Shai Shaham
The Rockefeller University, New York, NY, USA
Nervous systems are generally composed of two cell types: neurons and glia, which 
interact in complex ways. Mounting evidence suggests that glia have important, active 
roles in a variety of processes, including neuronal migration, synaptogenesis, and 
modulation of synaptic activity. 
We have been studying the four cephalic sheath (CEPsh) cells of C. elegans as a 
model for understanding glial roles in the development of the nervous system. The four 
CEPsh cells are associated with four cephalic (CEP) neurons, which are symmetrically 
arranged in the C. elegans head. Unlike other sensory organ associated sheath cells, 
CEPsh cells exhibit unique bipolar morphologies, extending both dendrite-associated 
processes and sheet-like processes that ensheath the nerve ring. Interestingly, ventral 
CEPsh cells express unc-6/netrin (Wadsworth et al., 1996) suggesting that they may 
have roles in axon guidance or cell migration. Thus, although little is known about the 
functions of these cells, CEPsh glia are positioned to play important roles in nervous 
system development and function. 
Here, we have performed targeted cell ablations as well as genetic screens to further 
characterize CEPsh glia. We demonstrate that the dorsal and ventral CEPsh glia develop 
through molecularly distinguishable pathways regulated by the Pax-6/7-related gene 
vab-3 and the Nkx/Hmx-related gene mls-2, respectively. We show that CEPsh and other 
C. elegans glia express the Olig1/2-related gene hlh-17 and that hlh-17 expression is 
regulated by mls-2 and vab-3. We discovered roles for CEPsh glia in dendrite extension 
and axon branching and guidance, and show that at least some of these latter functions 
are mediated by the UNC-6/Netrin protein. Our results suggest possible similarities 
between CEPsh glia development and oligodendrocyte development in vertebrates, and 
demonstrate that C. elegans provides a unique environment for studying glial functions 
in vivo. 
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Contact: cb2213@columbia.edu 
Lab: Hobert 
Maintenance of nervous system architecture
Claire Benard, Oliver Hobert
Columbia University, New York, USA
Proper neuronal connectivity throughout the life of an animal is essential for nervous 
system function. Dedicated mechanisms maintain the architecture of the worm’s nervous 
system after its formation is completed. This task is not trivial considering the dramatic 
post-embryonic body size increase, as well as the mechanical stress inflicted upon the 
nervous system by later developmental events and motion of the animal. To date, research 
in C. elegans has implicated four molecules in this process: the secreted two-Ig domain 
protein  ZIG-4(1), the FGF receptor EGL-15(5A)(2), the L1-like SAX-7 cell-adhesion 
protein(3,4,5), and the giant DIG-1 protein that contains multiple cell-cell interaction 
and adhesion domains(6). These proteins provide crucial information, through an as yet 
unknown mechanism, for neuronal structures to maintain the precise position that they 
acquired during embryonic development.
We now implicate five additional members of the zig gene family in maintenance of 
precise axonal and cell body position throughout life. The zig family consists of 8 genes 
that encode two-Ig domain proteins. Numerous 2-Ig domains proteins exist in flies and 
mammals, but their function in the nervous system has not been addressed. We have 
analyzed multiple mutant combinations of zig-1, zig-2, zig-3, zig-4, zig-5, and zig-8. 
We have found that the zig genes function in redundant and antagonistic ways, as well 
as in conjunction with the previously identified maintenance factors sax-7 and dig-1. 
In particular, the double mutant zig-5 zig-8 displays neuronal maintenance defects very 
similar to those of sax-7 and dig-1 mutants, suggesting that the function of these genes 
might be intimately related. We have also found that zig-1 fully suppresses the defects of 
the double mutant zig-5 zig-8, as well as those of dig-1 mutants. We are currently analyzing 
the focus of action of the zig-5, zig-8 and zig-1 genes, as well as their interactions with 
sax-7 and dig-1 at the genetic and biochemical levels.  Our current view is that sax-7, dig-1 
and zig-5/zig-8 promote cellular adhesion, which is opposed by zig-1, creating a balanced 
adhesiveness of neurons to their environment to bring about robust maintenance. 
1. Aurelio et al. 2002
2. Buelow et al. 2004
3. Sasakura et al. 2005
4. Wang et al. 2005
5. Pocock et al. 2008
6. Benard et al. 2006
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Contact: conny@interchange.ubc.ca 
Lab: Lin 
Physical and Behavioral Abnormalities Produced by Various Ethanol 
Exposure Patterns During Embryogenesis
Conny Lin, Yun Li, Catharine Rankin
University of British Columbia
Fetal alcohol spectrum disorder (FASD) is the leading cause of mental retardation 
in newborn children. The phenotypes in FASD are highly heterogeneous that include a 
vast range of physical, neurological, behavioral, and learning abnormalities. Phenotypic 
differences have been found to be influenced by timing, concentration and duration of 
ethanol exposure so this heterogeneity is thought to be largely resulted from different 
patterns of maternal alcohol consumption. In addition, different neuronal cell types can 
respond to the same exposure pattern differently, and the same cell type can respond to 
different exposure patterns differently. This nature of ethanol teratology is an extremely 
troubling element in FASD research.  
We take the advantage of short generation cycle in C. elegans to tackle this multi-
variant problem of ethanol exposure patterns during embryogenesis. We investigated 
different exposure durations (chronic/8hrs, 60mins, 30mins, and 15mins) at various 
developmental timings (early, middle, and late embryogenesis) with various concentrations 
(5%, 10%, 20%, 30%, and 40%) of ethanol for two different exposure frequencies (single 
or multiple episodes). We report the effects induced from various patterns of embryonic 
ethanol exposures on reproductive onset, hatch rate, animal size, and behavior for animals 
exposed to ethanol during embryogenesis. Different patterns of ethanol exposure during 
embryogenesis induced different subsets of deficits, suggesting exposure durations, timing 
and concentrations all play a role in the resulting phenotype. Delayed reproductive onset 
and smaller larval size indicate growth retardation during early development similar to 
those seen in existing animal models and in humans. Hatch rate and reproductive onset 
suggest that certain embryonic stages respond to different doses of ethanol differently. 
Abnormal behavioral pattern suggests this early exposure leads to abnormalities in the 
nervous system. These findings suggest that ethanol results similar physical deficits in 
C. elegans as in other animal models. This model will provide new ways to decipher 
the complex cellular, neuronal, and behavioral consequences to ethanol exposure during 
embryogenesis. 
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Contact: ericbend@gmail.com 
Lab: Jorgensen 
Structure-function analysis of SNAREs in vivo
Eric Bend1, 2, Marc Hammarlund1, Katherine Osborn1, Erik Jorgensen1, 2
1HHMI and Dept of Biology, University of Utah, Salt Lake City, UT, USA, 
2Program in Neuroscience
SNARE-mediated fusion is critical to vesicle trafficking in all eukaryotic cells. In 
addition, the execution of calcium-evoked vesicle release at synapses is a SNARE-
dependent process. However, the details of how SNARE proteins and accessory 
molecules interact to form a functional fusion machine remains controversial. We are 
using a structure-function approach in vivo to characterize the functional domains of 
the SNARE proteins syntaxin and synaptobrevin. We demonstrate that the putative 
SM (Sec-1/Munc-18) binding region of syntaxin, the 16 amino acid N-terminus, is not 
necessary for function. By contrast, syntaxin’s Habc domain is necessary for fusion.  We 
will describe these results and future directions in our structure-function analysis of the 
core exocytosis machinery. 
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Contact: bouhours@mshri.on.ca 
Lab: ZHEN 
A Potential Gap Junction-Independent Role of a C. elegans Innexin in 
Neurons
Wesley HUNG, Magali BOUHOURS, Ying WANG, Edward YEH, Mei ZHEN
S.L.R.I. , Toronto, Canada
Connexins, pannexins and innexins are known for forming gap-junctions, intercellular 
channels between adjacent cells, allowing them to synchronize their activity through 
diffusion of ions or small molecules from cytoplasm to cytoplasm. In addition, some 
of these proteins were recently reported to play physiological and pathophysiological 
roles independently of gap-junctions, by forming hemichannels at the plasmic membrane 
and diffusing calcium and small signaling molecules to the extracellular space towards 
neighboring cells. 
Here we show that C. elegans animals lacking UNC-7 display irregularly spaced and 
sized active zones, and altered synaptic activity. This indicates that UNC-7 ultimately 
modulates synaptic morphology and synaptic activity. In C. elegans neurons, UNC-7 
localizes not only to presumptive gap junctions but also to axonal regions devoid of gap 
junction structures.  Our studies suggest that in addition to being structural components 
of gap junctions, innexins may also function as hemichannels to regulate membrane 
excitability, presumably by modulating the propagation of neuronal excitation along 
axons.
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Contact: aburdi2@uic.edu 
Lab: Richmond 
Structure-Function analysis of C. elegans TOM-1
Anna Burdina1, Elena Gracheva2, Janet Richmond1
1University of Illinois at Chicago, Chicago, IL, USA, 2University of San 
Francisco, San Francisco, CA
Synaptic vesicle priming is a prerequisite for fusion requiring the assembly of SNARE 
complexes between syntaxin, SNAP-25 and synaptobrevin. We have recently shown that 
C. elegans tomosyn (TOM-1) negatively regulates this priming process; tom-1 mutants 
exhibiting aldicarb-hypersensitivity and enhanced evoked release due to increased vesicle 
priming. Overexpression of full-length TOM-1A reversed the tom-1 phenotype producing 
aldicarb-resistance and a deficit in evoked release due to fewer primed vesicles. While 
the function of TOM-1 is now established, the molecular mechanism by which TOM-1 
regulates priming remains to be ascertained. TOM-1 is a large cytosolic protein composed 
of 14 N-terminal WD-40 repeats linked to a C-terminal SNARE binding domain. Similar 
to vertebrate tomosyn, the C-terminal SNARE domain of TOM-1 forms an SDS-sensitive 
complex with syntaxin and SNAP-25 proposed to inhibit SNARE complex assembly, 
thereby limiting vesicle priming. However, it is unknown whether the TOM-1 SNARE 
domain, is necessary or sufficient to inhibit priming. To address this question, we 
generated integrated lines expressing either the TOM-1 SNARE domain alone or TOM-
1A lacking the SNARE domain (delta SNARE) in a tom-1 mutant background. Both 
constructs produced mRNA levels similar to the rescuing full-length TOM-1A construct. 
However, in sharp contrast to full-length TOM-1A, neither the TOM-1 SNARE domain 
or delta-SNARE integrants appreciably rescued the aldicarb-hypersensitive phenotype 
of tom-1 mutants. Consistent with these results, the synaptically evoked responses of 
neither truncated TOM-1A constructs rescued the enhanced release of tom-1 mutants 
or the accumulation of primed vesicles. To examine whether these truncated TOM-1A 
constructs were stably expressed, we generated flag-tagged integrants of each construct in 
tom-1 mutants. The flag-tagged versions of truncated TOM-1A also failed to rescue tom-1 
mutants. We confirmed that both constructs were stably expressed by Western blot analysis 
of lysed worms and further demonstrated by whole-mount immunohistochemistry, that 
both constructs were expressed at the neuromuscular synapses from which our synaptic 
recordings were obtained. Together these results suggest that the TOM-1 SNARE domain 
is necessary but not sufficient to negatively-regulate synaptic vesicle priming at C. 
elegans synapses and imply that regions upstream of the SNARE domain contribute to 
the function of this regulatory protein.
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Contact: jason.p.chan@usc.edu 
Lab: Sieburth 
SPHK-1 sphingosine kinase is a lipid signaling factor that mediates synaptic 
transmission at the neuromuscular junction
Jason Chan, Derek Sieburth
University of Southern California, Los Angeles, CA, USA
Sphingosine kinase (SK1) catalyzes the phosphorylation of sphingosine to sphingosine-
1-phosphate, which is a bioactive lipid implicated in cell growth and death, migration, 
intracellular trafficking, calcium homeostasis and inflammation.  Misregulation of SK1 
results in impaired immune response and cancerous growth.  Recently, the C. elegans 
ortholog of mammalian SK1, SPHK-1, was identified in a RNAi screen for regulators 
of synaptic transmission.  Given the roles of SK1 in pro-survival and growth, we 
hypothesized that the worm SPHK-1 serves to facilitate neural activity.  We obtained 
mutants in sphingosine kinase from the knock out consortium (ok1097) that contain a 
deletion of exons I - V and part of exon VI , resulting in a protein lacking the catalytic 
domain of SPHK-1.  We found that adult worms lacking SPHK-1 are uncoordinated and 
show resistance to inhibitors of cholinesterase (RIC).  However, they exhibit similar 
responses as wild type worms to levamisole, an acetylcholine receptor agonist.  These 
findings suggest a presynaptic role of SPHK-1 in neurotransmission at the neuromuscular 
junction (NMJ).  Consistent with this, we found that SPKH-1 is expressed in motor 
neurons in addition to other tissues.  A GFP-tagged SPHK-1 fusion protein adopts a 
punctate pattern of fluorescence in motor neuron axons, but does not co-localize with 
synaptic vesicle or active zone proteins.  Instead, we found that SPHK-1 co-localizes with 
an actin-binding protein gelsolin, suggesting that it is enriched at periactive zones.  We 
propose that SPHK-1 might be a previously uncharacterized periactive zone protein that 
regulates synaptic activity.  We will describe ongoing electrophysiological experiments 
to test whether SPHK-1, and its product, sphingosine-1-phosphate, regulate acetylcholine 
secretion at the NMJ and ongoing cellular analyses to better analyze the mechanisms of 
SPHK-1 action.
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Contact: kevinem@gmail.com 
Lab: Koelle 
A Hyperactive Egg Laying Mutant May Define a New Regulator of 
Neurotransmitter Release in C. elegans
Kevin Collins, Andrew Bellemer, Antony Jose, I. Amy Bany, Michael Koelle
Yale University School of Medicine, New Haven, CT, USA
Two heterotrimeric G proteins, G(alpha)o and G(alpha)q, antagonistically modulate 
neurotransmitter release.  In C. elegans these G proteins regulate specific behaviors 
that can be conveniently scored and quantitatively measured, allowing signaling to be 
studied genetically. Egg laying is one such behavior.  Mutations in G(alpha)q and its 
downstream signaling components UNC-73/Trio or EGL-8/PLC-beta decrease egg 
laying frequency, leading to the accumulation of unlaid eggs.  Conversely, mutations in 
G(alpha)o cause eggs to be laid almost immediately after their fertilization after having 
undergone only one or two cell divisions.  The specific downstream effector(s) that 
mediate the effects of G(alpha)o remain unknown, but genetic experiments suggest that 
G(alpha)o antagonizes G(alpha)q signaling.  The one- to four-cell eggs laid by G(alpha)
o mutants can be easily distinguished from those laid by wild type animals, which have 
typically advanced through several more cell divisions.  A genetic screen for mutants 
that lay early-stage eggs has yielded mutations in several genes that act in G protein 
signaling to inhibit neurotransmitter release.  These include mutations in DGK-1, a 
diacylglycerol kinase which terminates DAG signaling, and in the G protein regulator 
EAT-16, a conserved RGS protein which terminates G(alpha)q signaling by activating 
G(alpha)q GTPase activity.  By looking for additional mutants that share the phenotype 
of G(alpha)o mutants, I hope to define those factors through which G(alpha)o mediates 
its inhibition of neurotransmitter release. 
I am presently mapping a new mutant, vs39, that displays the hyperactive egg-laying 
phenotype as well as the locomotion defects characteristic of animals with impaired 
G(alpha)o signaling.  Two additional mutant alleles have been isolated in a separate 
screen for suppressors of egl-47(gf), a candidate G protein coupled receptor which 
appears to activate G(alpha)o signaling in the egg laying cells.  Like G(alpha)o mutants, 
these mutants lay mostly early-stage eggs.  Genetic mapping experiments have placed 
these mutants to a 1 Mb region of chromosome III.  High resolution mapping using the 
polymorphic Hawaiian strain of C. elegans is underway and should reduce the mutant 
interval to the point where transformation rescue can be attempted.  Progress toward 
the identification of the affected gene and preliminary phenotypic analyses will be 
presented. 
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Contact: trevor.griffen@keck.usc.edu 
Lab: Sieburth 
wdr-23 regulates synaptic transmission at the C. elegans neuromuscular 
junction
Trevor Griffen, Krishnakali Dasgupta, Derek Sieburth
Keck School of Medicine, USC, Los Angeles, CA, USA
wdr-23 was identified in an RNAi screen for genes that cause resistance to the paralytic 
effects of the acetylcholine (ACh) esterase inhibitor aldicarb1. WDR-23 is a conserved 
protein composed of seven WD-40 repeats predicted to form a β-propeller. wdr-23 is 
expressed broadly, including in cholinergic motor neurons (CMNs), head neurons, body 
wall muscle, vulval muscle, skin cells and gut cells. Two isoforms of wdr-23 exist, A and 
B, and share the seven WD-40 repeat domains, but differ at the N-terminus. In CMNs, 
WDR-23A::GFP is seen localized to punctuate structures in axons and in cell bodies, 
while WDR-23B::GFP expression is restricted to the nucleus. In axons, WDR-23A::GFP 
partially co-localizes with the active zone marker SYD-2/Liprin. While WDR-23A::GFP 
normally localizes to the active zone, it co-localizes with synaptic vesicle markers in 
mutants that disrupt exocytosis. 
We have characterized a wdr-23 deletion allele, tm1817, provided by the Mitani lab, 
which causes a frame shift and early truncation of the protein after the second WD-40 
repeat. wdr-23 mutants are scrawny, slow growing, and resistant to aldicarb, but not 
resistant to the paralytic effects of the muscle agonist levamisole. We have fully rescued 
the movement, growth and aldicarb defects by re-expressing WDR-23A cDNA under 
the snb-1 promoter. In a wild type background, over-expression of WDR-23A under the 
snb-1 promoter causes hypersensitivity to aldicarb. Further, we see an accumulation of 
the synaptic vesicle marker SNB-1::GFP in wdr-23 mutants that is similar to that seen 
in known exocytosis mutants, suggesting that wdr-23 plays a role in exocytosis. 
The human homologue of WDR-23, WDR23, binds to the DDB1/CUL4 ubiquitin 
ligase complex and is proposed to function as a linker to target proteins destined for 
degredation2. The worm homologue of DDB1, DDB-1, has been reported to be expressed 
in some neurons3. We are testing whether these proteins interact in neurons and looking 
for potential degradation targets using co-immunoprecipitation. We are testing whether 
this interaction is functional in neurotransmission by assaying for ACh secretion in 
mutants where these proteins cannot interact. Together, our findings suggest that wdr-23 
is a novel conserved regulator of synaptic transmission and may be required for targeting 
synaptic proteins for degradation. 
1. Sieburth D et al. Nature 436, 510-17 (2005) 
2. Angers S et al. Nature 443, 590-93 (2006) 
3. Kim Y & Kipreos E. Mol. Cell Biol. 27, 1394-406 (2007) 
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Contact: hardawayja@gmail.com 
Lab: Blakely 
Forward Genetic Screen for Presynaptic Modulation of Dopamine 
Clearance: What’s DAT All About Anyway?
Shannon Hardie, James Hardaway, Ariana Lichtenstein, Cody Carroll, Randy 
Blakely
Vanderbilt University, Nashville,TN, United States
The catecholamine dopamine (DA) functions as a modulatory neurotransmitter in 
vertebrate and invertebrate nervous systems. In vertebrates, DA mediates behavioral 
processes such as cognition, reward, and locomotion, and is implicated in the 
pathophysiology of neuropsychiatric diseases such as Parkinson’s Disease, Attention 
Deficit Hyperactivity Disorder (ADHD), Schizophrenia, and drug addiction. In C. 
elegans, DA influences behaviors including egg-laying, defecation, response to food, 
habituation to touch, and basal locomotor activity. For DA to function as an effective 
neurotransmitter in the CNS, its magnitude and duration of action at the synapse must be 
precisely regulated. Various macromolecules, including biosynthetic enzymes, secretory 
proteins, ion channels, and receptors contribute to this regulation, but reuptake through 
the presynaptic DA transporter (DAT) is the primary mechanism by which DA signaling 
at the synapse is terminated. DAT is therefore the major determinant of synaptic DA 
inactivation and DA homeostasis in the brain. 
The general goals of our research are to determine how DAT supports chemical 
neurotransmission in the nervous system, how DAT synaptic localization and function is 
regulated, and whether altered signaling in disease states is caused by genetic variations 
in transporter structure. The technical challenges presented by the mammalian nervous 
system have encouraged our laboratory to pursue the study of DAT-associated phenotypes 
and regulatory genes in C. elegans. The C. elegans DAT (DAT-1) is 43% identical to 
mammalian DA transporters, preferentially transports DA, and is expressed in all known 
DA neurons in the nematode. Worms lacking a functional dat-1 gene display no overt 
locomotor phenotype under normal conditions, but when placed in a liquid environment 
exhibit “swimming-induced paralysis” (SWIP), a DA-dependent phenotype that we have 
identified and characterized. SWIP is dependent on endogenous DA release, synaptic 
DAT-1 expression, and post-synaptic signaling through the DA receptor DOP-3. 
Using the SWIP phenotype as a behavioral reporter of altered DAT-1 localization or 
activity, we are employing a forward genetic screen to identify DAT-associated proteins. 
Many proteins have been previously implicated in the synaptic localization and regulation 
of DAT-1, but their functional relevance has not been demonstrated in vivo. Preliminary 
results have yielded several mutants specific to an excess in DA signaling.
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Contact: shu3@utnet.utoledo.edu 
Lab: Steven 
Regulation of Locomotion by UNC-73 RhoGEF-2 Isoforms
Shuang Hu1, Tony Pawson2, Robert Steven1
1University of Toledo, Toledo, Ohio, USA, 2Samuel Lunenfeld Research 
Institute, Toronto, Ontario, Canada
unc-73 is a complex gene that functions in multiple tissue types at different stages of 
C. elegans development. It is required for normal fertility, pharynx and vulval muscle 
function and for specific cell migrations. In the nervous system unc-73 also plays a role 
in axon guidance and neurotransmission (Steven et al, 1998; Steven et al, 2005). unc-73 
encodes at least eight protein isoforms that are differentially expressed. These isoforms are 
thought to function primarily through the activity of their respective RhoGEF domains, 
which catalyze the activation of members of either the Rac or Rho GTPase subfamilies. 
Here we attempt to better define the role of the UNC-73 isoforms in neurotransmission. 
Isoform specific rescue experiments previously revealed that the RhoGEF-2 domain-
containing UNC-73C1, C2/F and E isoforms act redundantly to regulate the speed of 
locomotion. Transgenic animals lacking these isoforms have a lethargic movement 
phenotype that can be rescued by the expression of any individual isoform from this 
group. By using different cell-specific or inducible promoters to drive the expression of 
UNC-73E in transgenic unc-73 mutant animals we have begun to identify the temporal 
and spatial requirements of UNC-73E function. We have found that UNC-73E acts within 
the nervous system to physiologically regulate locomotion. It was recently reported that 
UNC-73E is an effector of Gαq (Williams et al, 2007), however, it is still not clear how 
the UNC-73 isoforms function with Rho to regulate neurotransmission. In our hands 
the lethargic unc-73 mutants are not aldicarb resistant, which suggests that the UNC-73 
RhoGEF-2 isoforms do not have an obvious defect in acetylcholine neurotransmitter 
release. This is consistent with the observation that restricted expression of UNC-73E in 
the cholinergic motor neurons does not rescue the unc-73 lethargic movement phenotype. 
Epistasis analysis has revealed that activating mutations in different components of the 
Gαs pathway rescue the unc-73 lethargic movement phenotype caused by the loss of the 
UNC-73C1, C2/F and E isoforms. We are examining the possibility that these UNC-73 
isoforms are required for the production or release of a neuromodulator that functions 
upstream of a Gαs-coupled receptor.  
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Contact: j.johnson@liverpool.ac.uk 
Lab: Morgan 
UNC-18/UNC-64 Interactions in the Regulation of Exocytosis
James Johnson, Pawel Ferdek, Jeff Barclay, Robert Burgoyne, Alan Morgan
School of Biomedical Sciences, University of Liverpool, Liverpool, UK
Membrane fusion is driven by the formation of SNAP Receptor (SNARE) complexes. 
Regulation of this complex assembly is mediated by the Sec1/Munc18 (SM) group of 
proteins, however, their exact roles remain unclear. In C. elegans, the neuronal SM 
protein, UNC-18, was thought to bind to the closed form of the pre-synaptic SNARE 
protein, UNC-64/Syntaxin, with high affinity and thus prevent it from entering into a 
SNARE complex. Contrary to this, however, mutation of UNC-18 resulted in a reduction 
in docked exocytotic vesicles, reduced exocytosis and paralysis of the animal. Recent 
findings have revealed that SM proteins have distinct modes of action mediated through 
different modes of binding; to date, three modes of binding have been proposed. Mode 1 
represents the high affinity interaction, described above, with a closed Syntaxin. Mode 2 
involves binding to the extreme N-terminal region of an open Syntaxin. Mode 2 binding 
does not prevent SNARE complex assembly and may facilitate the Mode 3 interaction, 
which involves binding to both the Syntaxin amino-terminus and assembled SNARE 
complex. In order to better understand the functional properties of these different modes 
of interaction, we have examined mutants of UNC-64 and UNC-18. We show that binding 
of a constitutively open form of UNC-64 to UNC-18 is considerably reduced compared 
to wild type. Perhaps surprisingly, we have also found that there is an even greater 
reduction in affinity to either an N-terminal point mutant (L9A) or truncation lacking the 
first 21aa of UNC-64. This implies that the binding of the UNC-64 N-terminus is also 
important for the binary interaction with UNC-18. To further explore this phenomenon, 
a F113R point mutant of UNC-18 was created. It is predicted, by homology to other SM 
proteins, that residue F113 forms part of a hydrophobic cleft into which the N-terminus 
of UNC-64 could bind. Compared to WT, the strength of interaction between UNC-18 
F113R and UNC-64 is greatly reduced, supporting the previous result. Furthermore, 
transformation of unc-18-null mutants with a construct expressing the UNC-18 F113R 
mutant does not rescue the Unc phenotype, in sharp contrast to a WT UNC-18 construct. 
This is interesting as recent reports demonstrate that an UNC-18 mutant defective in 
Mode 1 binding can still rescue the Unc phenotype in unc-18-null animals. Our data 
suggest that Mode 2 and/or 3 binding of UNC-18 to the N-terminal region of UNC-64 
is crucial for the regulation of synaptic exocytosis. 
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Contact: rkohn@ursinus.edu 
Lab: Kohn 
Regulation of Levels of UNC-13 at Synapses
Bonnie Kaas, Ryan Wennell, Thomas Limouze, Rebecca Lawson, Rebecca Kohn
Ursinus College
Release of neurotransmitters from neurons is highly regulated. Several proteins play 
roles in this process, including UNC-13, and decreased release of neurotransmitters in 
unc-13 mutants results in paralysis. We identified an F-box protein that interacts with 
UNC-13. F-box proteins participate in ubiquitin ligase complexes and in Drosophila, 
DUNC-13 is degraded via the ubiquitin proteasome pathway. This UNC-13/F-box 
interaction may therefore indicate that UNC-13 is tagged for proteasomal degradation 
with ubiquitin by the ligase complex in C. elegans. The C. elegans knockout consortium 
isolated a strain with a large deletion in the coding region of the gene that codes for the 
F-box protein. If the F-box protein is indeed involved in the degradation of UNC-13, 
this strain would be expected to have higher levels of UNC-13, which could result in 
changes in phenotypes. We characterized the F-box deletion mutant by assaying brood 
size, developmental rate, and body bends per minute. Aldicarb assays were used to 
determine whether a deletion in the gene coding for the F-box protein alters the response 
to inhibitors of acetylcholinesterase. We found that the deletion resulted in some changes 
in developmental rate and in aldicarb sensitivity. We are continuing to study strains with 
mutations in both the gene coding for the F-box protein and in unc-13. 
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Interactions Between TOM-1, UNC-64 and UNC-18 in Synaptic Transmission
Elena Gracheva1, Edward Maryon2, Martine Berthelot-Grosjean3, Janet Richmond2
1University of California, San Francisco, CA,USA, 2University of Illinois at 
Chicago, Chicago, IL,USA, 3Quartier UNIL-Sorge, Lausanne, Switzerland
The UNC-18/Munc18 protein family is implicated in several stages of exocytosis. 
Here we present evidence for two UNC-18-dependent synaptic vesicle (SV) targeting 
steps termed tethering (near the plasma membrane) and docking (contact with the plasma 
membrane). Docked SVs arise primarily from UNC-13-dependent priming, aprocess 
leading to SNARE complex assembly and SV fusion competence.  The loss of docked 
SVs in unc-18 mutants, therefore, supports a growing view that UNC-18 functions in this 
process.  Although docked SVs are depleted in unc-13 mutants, tethered SVs accumulate, 
suggesting UNC-18-dependent tethering occurs in the absence of SV priming.  UNC-18 
is thought to associate with the plasma membrane via syntaxin interactions.  Consistent 
with this notion, membrane bound UNC-18 is abolished in syntaxin (unc-64) mutant 
synapses.  We, therefore, asked whether SV targeting is impacted by loss of syntaxin. 
In unc-64 mutant synapses, tethered and docked SVs are eliminated, indicating both SV 
steps require UNC-18 and syntaxin.  Since Munc18-1 is known to interact with closed and 
open syntaxin conformations, we next examined synapses in which syntaxin was rendered 
constitutively open.  Open syntaxin reduced SV tethering but docking was enhanced, 
indicating that UNC-18/closed syntaxin binding is required for SV tethering,where as 
UNC-18/open syntaxin is required for SV docking.
We have previously shown that C. elegans tomosyn (TOM-1) negatively regulates 
SV priming. Vertebrate tomosyn is known to compete with Munc18-1 for syntax 
inbinding.  Similarly, we found increased membrane-associated TOM-1 in unc-18 
mutants and conversely, increased membrane-bound UNC-18 in tom-1 mutants.  We 
therefore, predicted that loss of tomosyn would enhance UNC-18/syntaxin interactions 
at C. elegans synapses, resulting in increased SV tethering and docking.  Analysis of 
tom-1 mutants confirmed this prediction, indicating that TOM-1 negatively regulates 
both UNC-18-dependent SV-targeting steps.  We next demonstrated that in tom-1;unc-18 
double mutants, SV docking but not tethering was partially restored resulting in an 
increased primed SV pool.  Together, these data provide evidence for two molecularly 
distinct UNC-18-dependent SV-targeting mechanisms; tethering, requiring UNC-18/
closed syntaxin and docking, in which UNC-18/open syntaxin promotes SV priming. 
TOM-1 negatively regulates both UNC-18 dependent steps, thereby limiting the number 
of fusion-competent SVs. 
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Lab: Buelow 
Characterization of ot21: enhancer of the Kallmann Syndrome gene kal-1 
induced axonal branching phenotype in AIY interneurons
Janne Tornberg1, Jason Maydan2, Donald Moerman2, Hannes Buelow1
1Albert Einstein College of Medicine, Bronx, NY, USA, 2University of British 
Columbia, Vancouver, BC, Canada
Kallmann Syndrome (KS) is a genetically heterogenous disease with the most defining 
features of hypogonatrophic hypogonadism and anosmia, which are believed to be the 
result of neural targeting and migration defects. The X-linked form of this disease accounts 
for approximately 10% of KS cases and is caused by mutations in the anosmin-1/KAL1 
gene. We have previously shown that over-expression of the Caenorhabditis elegans 
homolog of anosmin-1/KAL1 in AIY interneurons causes a highly penetrant, dosage-
dependent, and cell autonomous axonal branching phenotype. In a modifier screen we have 
isolated the ot21 enhancer mutation, which leads to significantly longer axonal branches 
(Buelow et al., 2002 PNAS). This enhancement is specific for the kal-1-dependent 
branching phenotype in AIY because ot21 fails to enhance the ectopic neurites elicited by 
mutations such as ttx-3 and sax-2 which cause similar phenotypes in AIY interneurons. 
Phenotypic analysis of ot21 revealed axonal defects in DVB and HSN motor neurons 
as well as specific behavioral defects. Cloning and molecular characterization of the 
ot21 mutation revealed a missense mutation in a gene important for axonal and synaptic 
development consistent with a potential role of kal-1 in neural targeting. 
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Lab: Richmond 
THE role of CDK-5 in cholinergic transmission
Denis Touroutine, Elena Gracheva, Janet Richmond
University of Illinois at Chicago
Among various biological functions, cyclic-dependent kinase 5 (CDK-5) is implicated 
in up-regulation of nicotinic receptor transcription as well as activity-dependent dispersal 
of muscle nicotinic receptor clusters. To explore the possible role of C. elegans CDK-5 
in cholinergic transmission we first established that cdk-5 mutants exhibit resistance 
to the acetylcholinesterase inhibitor, aldicarb. Consistent with this observation, cdk-5 
mutants have reduced evoked cholinergic synaptic responses but normal miniature 
event frequency. To explore the possibility that this defect is due to altered post-synaptic 
sensitivity to ACh, we applied the cholinergic agonist levamisole. Levamisole-sensitivity 
was not reduced, suggesting that levamisole-sensitive receptors are present and functional 
on body wall muscles inconsistent with a reduction in levamisole-receptor transcription. 
This observation, however, does not rule a possible affect of CDK-5 on levamisole-
receptor clustering. Furthermore, there is a second class of nicotinic receptors on body 
wall muscles that are levamisole-insensitive. Therefore, we are currently exploring 
the levels and synaptic localization of both the levamisole-sensitive as well as the 
levamisole-insensitive AChRs in cdk-5 mutants to determine whether CDK-5 regulates 
the clustering of either AChR receptor. The reduction in evoked cholinergic transmission 
in cdk-5 mutants could also reflect a role of CDK-5 in synaptic vesicle release. We, 
therefore, examined the synaptic ultrastructural morphology of cdk-5 mutants following 
high-pressure freeze fixation. We observed a reduction in membrane-associated synaptic 
vesicles near the presynaptic density where fusion-competent vesicles are known to 
accumulate. In addition we observed an increase in endosome-like structures, as well as 
an accumulation of membrane-associated vesicles away from the presynaptic density. 
This phenotype is similar to that of other endocytic mutants including syd-9 and itsn-1. 
Together these data implicate CDK-5 in the regulation of cholinergic transmission via 
a presynaptic endocytic role. Current experiments will determine whether CDK-5 also 
impacts post-synaptic nicotinic receptor function. 
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Contact: bruce.bamber@utoledo.edu 
Lab: Bamber 
Effects of hyperpolarization on GABA receptor abundance at the 
neuromuscular junction
Stavros Moraitis1, Kathleen Davis2, Bruce Bamber1
1University of Toledo Department of Biological Sciences, Toledo, OH, USA, 
2University of Toledo College of Law, Toledo, OH, USA
The inhibitory neuromuscular junction of C. elegans is a relatively simple GABA 
synapse that is a useful model to study how GABA receptors are patterned in developing 
and adult animals. A single postsynaptic GABA receptor, UNC-49, functions at this 
synapse. UNC-49 exhibits homeostatic plasticity: when worms are exposed to the GABA 
agonist muscimol, UNC-49 levels are reduced up to 10-fold over the course of 10 hours. 
Worms exposed to muscimol initially display flaccid paralysis, possibly due to chronic 
muscle hyperpolarization caused by GABA receptor activation.  To further explore the 
relationship between membrane hyperpolarization and GABA receptor downregulation, 
we measured GABA receptor levels in twk-18(cn110) mutants. TWK-18 is a twin-pore 
domain potassium channel expressed in body wall muscles that exhibits steep temperature 
dependence of activity.  cn110 is a dominant allele that shows abnormally large currents. 
At 20°C, twk-18(cn110) mutants behave normally, but at 30°C, they exhibit rapid-onset, 
reversible, flaccid paralysis due to muscle hyperpolarization, thus phenocopying the acute 
effects of muscimol exposure. Using quantitative immunofluorescence, we examined 
GABA receptor levels in wild-type and twk-18(cn110) adults that had been raised at 20°C, 
and shifted to 30°C for various times.  UNC-49 levels were reduced three- to five-fold in 
twk-18(cn110) mutants compared to wild-type, but surprisingly, this reduction occurred 
in all of the mutants, including the controls that were maintained at 20°C. Patch-clamp 
recordings demonstrated similarly reduced GABA currents.  Levamisole treatment, which 
chronically depolarizes muscles, did not reverse the effects of the twk-18(cn110) mutation. 
These results suggested that hyperpolarization can influence GABA receptor abundance, 
but that the effect may be developmental. We are now examining the developmental 
time-course of GABA receptor abundance at synapses. At 20°C wild-type and twk-
18(cn110) synapses showed equivalent GABA receptor abundance through the early 
adult stage.  Within the next 48 hours, wild-type synapses showed a 2-3 fold increase 
in GABA receptor levels while twk-18(cn110) synapses stayed the same. Interestingly, 
this induction of GABA receptor expression did not occur at 15°C in either wild-type 
or twk-18(cn110) mutants. Together, these results suggest that GABA receptor levels 
may be set in response to both membrane potential and temperature during a transient 
developmental window. 
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Lab: Francis 
Unraveling Roles for Cholinergic Signaling in the C. elegans Nervous System
Belinda Barbagallo, Patrick Boyle, Hilary Prescott, Michael Francis
University of Massachusetts Medical School
Genetic and functional studies have demonstrated that two classes of nicotinic 
acetylcholine receptors (nAChRs) play critical roles in mediating excitation of body 
wall muscles during C. elegans movement: five genes encode distinct nAChR subunits 
that contribute to levamisole receptors (unc-38, unc-29, unc-63, lev-1 and lev-8) and 
one additional gene (acr-16) encodes an essential subunit of a separate population of 
putative homomeric receptors. While we now have a detailed knowledge of the signaling 
mechanisms that mediate activation of the musculature, considerably less is known about 
how motor neuron activity is regulated. Patch clamp recordings from body wall muscles 
show endogenous synaptic events occur with a very high frequency, yet signaling must 
be regulated in some manner for coordinated movement. How is the activation of motor 
neurons controlled? Expression of the nAChR subunit ACR-2 is largely restricted to 
cholinergic ventral cord motor neurons1, suggesting that receptors formed from ACR-2 
may be important for cholinergic signaling onto motor neurons. Using the upstream 
regulatory elements of the acr-2 gene to drive expression of channelrhodopsin, we can 
demonstrate that depolarization of acr-2 expressing motor neurons is sufficient to elicit 
muscle contraction. However, a deletion mutation in the acr-2 gene produces only subtle 
changes in worm movement. To further explore potential roles for ACR-2 in motor 
neurons, we generated a transgenic strain expressing gain-of-function ACR-2 [ACR-
2(gf)] and assessed movement. Worms expressing ACR-2(gf) display highly disjointed, 
jerky movement, suggesting that the pattern of motor neuron activity is altered in these 
worms. This phenotype is consistent with the notion that endogenous release of ACh 
is sufficient to activate nAChRs expressed by cholinergic motor neurons. Furthermore, 
this result is consistent with the idea that the expression of multiple nAChR subtypes 
by motor neurons may provide redundant pathways for motor neuron activation. We are 
currently exploring the roles of other nicotinic receptor subunits as well as downstream 
signaling pathways in regulating the activity of motor neurons. We plan to combine our 
behavioral and genetic data with electrophysiological analysis of motor neuron function 
in future studies. 
1. Hallam et al., Development (2000) 
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Contact: chihhsiung@hotmail.com 
Lab: Rongo 
RAB-10 Regulates Glutamate Receptor Recycling in a Cholesterol-
dependent Endocytosis Pathway
Doreen Glodowski1, Carlos Chih-Hsiung Chen1, Henry Schaefer1, Barth Grant2, 
Christopher Rongo1
1The Waksman Institute and Department of Genetics, Rutgers University, 
Piscataway, NJ 08854, 2Department of Molecular Biology and Biochemistry, 
Rutgers University, Piscataway, NJ 08854
Regulated endocytosis of α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid-
type glutamate receptors (AMPARs) is critical for synaptic plasticity. However, the 
specific combination of clathrin-dependent and –independent mechanisms that mediate 
AMPAR trafficking in vivo have not been fully characterized. Here, we examine the 
trafficking of the AMPAR subunit GLR-1 in Caenorhabditis elegans. GLR-1 is localized 
on synaptic membranes, where it regulates reversals of locomotion in a simple behavioral 
circuit. Animals lacking RAB-10, a small GTPase required for endocytic recycling of 
intestinal cargo, are similar in phenotype to animals lacking LIN-10, a postsynaptic 
density 95/disc-large/zona occludensdomain containing protein: GLR-1 accumulates in 
large accretions and animals display a decreased frequency of reversals. Mutations in 
unc-11 (AP180) or itsn-1 (Intersectin 1), which reduce clathrin-dependent endocytosis, 
suppress the lin-10 but not rab-10 mutant phenotype, suggesting that LIN-10 functions 
after clathrin-mediated endocytosis. By contrast, cholesterol depletion, which impairs 
lipid raft formation and clathrin-independent endocytosis, suppresses the rab-10 but 
not the lin-10 < endocytosis clathrin-mediated cholesterol sensitivities distinct with 
each pathways, along synapses compartments endosomal intracellular AMPARs recycle 
LIN-10 RAB-10 propose defects. trafficking GLR-1 additive display genes both lacking 
Animals endocytosis. clathrin-independent after functions suggesting> 
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Contact: jason615@wpi.edu 
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Beyond drug screens: an alternative strategy for probing cholinergic 
signaling in C. elegans
Jason Climer, Patrick Boyle, Michael Francis
University of Massachusetts Medical School
The ability to screen for mutations that impact the sensitivity of C.elegans to exogenous 
drugs has proven to be a powerful tool for elucidating genetic pathways that regulate 
neurotransmission. In particular, the identification of genes based on mutations that alter 
responsiveness to the paralyzing effects of the cholinergic agonist levamisole and the 
acetylcholine esterase inhibitor aldicarb has greatly enhanced our understanding of the 
mechanisms underlying neurotransmitter release and cholinergic signaling. However, 
mutations that only subtly affect drug sensitivity may still produce significant effects 
on synaptic function and be difficult to isolate in these kinds of screens. Alternative 
strategies for probing the genetic pathways that regulate neurotransmission may be 
valuable in identifying these classes of genes. Recent studies of cholinergic signaling in 
mammals have explored potential roles for nicotinic receptors in the mammalian brain 
by utilizing nAChR knockin mice that are hypersensitive to nicotine. To determine 
whether a similar strategy may be valuable in C. elegans, we have generated strains 
expressing levamisole receptor subunits carrying a similar gain-of-function mutation. 
These strains are hypersensitive to levamisole and aldicarb, are hypercontracted, display 
exaggerated body bends, have kinked noses, and show reduced movement compared 
to wild type worms. To identify new genes that may be involved in levamisole receptor 
signaling, we have conducted a forward genetic screen for suppressors of these gain-
of-function phenotypes. This strategy has produced six candidate suppressors that have 
movement similar to wild type worms. We are currently characterizing the drug sensitivity 
of these suppressors in levamisole and aldicarb assays and mapping the mutations to 
chromosomal intervals using SNP mapping techniques. Our hope is to identify previously 
uncharacterized genes that affect cholinergic signaling. 
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Lab: Maricq 
Identification of ACR-16 Specific Trafficking and Targeting Components
Frederic Horndli, Michael Jensen, Andres Maricq
University of Utah, Salt Lake City, Utah, USA
Three types of receptors are present at the neuromuscular junction in C. 
elegans: the levamisole acetylcholine receptor (AChR) complex  LevR (UNC-29, 
UNC-38,  UNC-63,  LEV-1 and LEV-8), the nicotinic AChR ACR-16 and the GABA 
receptor UNC-49. Both ACR-16 and the LevR complex respond to cholinergic inputs, 
with ACR-16 contributing to 70% of the EPSP (Francis M.M.., et al., 2005). Although a 
mechanism for stabilization and clustering of ACR-16 has been described (Francis MM., 
et al., 2005), very little is known, about how AChR receptors are transported and inserted 
at the NMJ. Using RNAi targeting of known transport motors and cargo adaptor proteins, 
in combination with either unc-29 (x29) or acr-16 (ok789) deletion backgrounds we have 
successfully identified the kinesin-1 transport complex (composed of unc-116, klc-2, 
unc-16 and unc-14 (Byrd DT., et aI., 2001, Sakamoto R., et al., 2004)) as an ACR-16 
specific transport complex. Indeed, RNAi and deletion mutants for all elements of this 
complex in combination with unc-29 (x29), exhibit almost complete paralysis as well as 
ACR-16 GFP mislocalization.  In addition, the same RNAi and deletion mutants for the 
elements of the kinesin-1 complex do not affect acr-16(ok789) movement nor UNC-29 
GFP and UNC-49 GFP localization. Encouraged by these results we have started a whole 
genome RNAi screening approach using the unc-29(x29) and acr-16(ok789) background 
to discover more elements related to ACR-16 and UNC-29 trafficking, targeting, insertion 
and stabilization. 
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Contact: jerrod-hunter@omrf.org 
Lab: Rand 
Neuroligin Mutants of C. elegans Have Behavioral and Metabolic 
Phenotypes
Jerrod Hunter1, 2, Gregory Mullen2, John McManus2, Angie Duke2, Jim Rand1, 2
1Department of Cell Biology, OU Health Sciences Center, Oklahoma City, 
OK USA, 2Genetic Models of Disease Research Program, Oklahoma Medical 
Research Foundation, Oklahoma City, OK USA
Neuroligins are postsynaptic cell adhesion molecules that bind specifically to a set 
of presynaptic membrane proteins called neurexins. Although several in vitro studies 
have shown that this binding is sufficient to induce the assembly of synapses (Scheiffele 
et al., 2000; Dean et al., 2003; Fu et al., 2003; Jamain et al., 2003; Nam et al., 2005), 
neuroligin knockout mice have normal density of synaptic contacts both in vivo and in 
primary cultures derived from these animals (Varoqueaux et al., 2006). This suggests that 
neuroligin may not be the only factor involved in the initiation of synaptogenesis per se, 
and that it might play additional roles in synapse stability and maintenance. Mutations 
in human neuroligin structural genes are associated with a subset of individuals with 
autism spectrum disorders (Jamain et al., 2003; Laumonnier et al., 2004). C. elegans 
has a single neuroligin gene, nlg-1, which is extensively alternatively spliced to generate 
many NLG-1 isoforms. Approximately one quarter of C. elegans neurons, including a 
subset of cholinergic motor neurons, express a neuroligin transcriptional reporter, both 
in young larvae and in adults. Confocal microscopy of transgenic animals expressing 
a functional fusion protein of NLG-1 tagged with Green Fluorescent Protein (GFP) or 
variants indicates that NLG-1 is localized to synaptic regions. nlg-1 knockout mutants 
are viable, with a grossly normal nervous system, and they do not appear deficient in any 
major motor functions. However, when we examine somewhat more subtle behaviors 
that involve the modification of a motor behavior in response to specific sensory cues, 
we find significant differences between the nlg-1 mutants and wild-type animals: nlg-1 
mutants have defects in higher-order functions involving exploratory behaviors and the 
processing of chemosensory and thermosensory information. We have also identified 
altered metabolic responses in nlg-1 mutants. These phenotypes can be rescued by 
transgenic expression of a single NLG-1 isoform. (Funded by Autism Speaks)
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Lab: Jorgensen 
Single Copy Insertion to Study Levamisole Receptor Maturation
Patrick McEachern1, 2, Dan Williams3, 2, Stefan Eimer4, Jean-Louis Bessereau5, Erik 
Jorgensen1, 2
1HHMI, 2University of Utah, 3Yale University, 4European Neuroscience 
Institute, 5Ecole Normale Superieure
UNC-74 is a conserved transmembrane thioredoxin that is localized to the endoplasmic 
reticulum and is necessary for levamisole-sensitive acetylcholine receptor (L-AChR) 
function.  Folding, assembly, and trafficking of AChR subunits all take place in the ER, 
and it is not known which step of L-AChR maturation requires UNC-74.
Overexpression of L-AChR subunits from extrachromosomal arrays leads to aberrant 
localization, namely subunits can remain in the endoplasmic reticulum or be mislocalized 
to the dense body.  We are using Mos-mediated Single Copy Insertion (MosSCI) to 
express fluorescently labeled L-AChR subunits at physiologically relevant levels in the 
muscle.  Unlike strains expressing subunits from an array, the receptors are localized 
to synapses in MosSCI strains.  The localization of these tagged subunits demonstrates 
that MosSCI technology is appropriate for observing low-abundance proteins without 
disturbing their intracellular trafficking.  In the absence of UNC-74, receptor subunits 
are mislocalized to the endoplasmic reticulum.  In current studies, we are using these 
reagents to characterize in detail the assembly and trafficking of L-AChR subunits in 
unc-74 mutants.
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Lab: Bamber 
Endocytic Trafficking of GABAA Receptor in C. elegans
Alyson Sujkowski1, Brianne Sturt1, Andrew Friedmann1, Kathleen Davis2, Bruce 
Bamber1
1University of Toledo Department of Biological Sciences, Toledo, OH, USA, 
2University of Toledo College of Law, Toledo, OH, USA
GABA is an important inhibitory neurotransmitter in vertebrates and invertebrates. 
In C. elegans, GABA neurotransmission at the inhibitory neuromuscular junction is 
required for coordinated locomotion.  We are studying this synapse to better understand 
how GABA receptor abundance and GABA synapse strength are regulated.  This synapse 
is a useful model because it is simple, containing only a single GABA receptor (encoded 
by the unc-49 gene).  It also displays homeostatic plasticity: prolonged exposure to the 
GABA agonist muscimol elicits a ten-fold reduction in GABA receptor abundance over 
ten hours.  In cup-5 mutants, which have reduced lysosome function, GABA receptors 
are still downregulated at the synapse, but they accumulate in the muscle cell bodies 
during muscimol exposure.  This result suggests that downregulation involves receptor 
trafficking to the lysosome, and subsequent lysosomal degradation, which is blocked in 
the cup-5 background. Our objective is to better characterize the signaling and trafficking 
mechanisms that underlie homeostatic GABA receptor regulation.  Our approach is to 
inactivate endocytic proteins by mutation or RNA interference, and observe the effects 
on GABA receptor downregulation and degradative trafficking.  In conjunction, we 
have generated transgenic worms expressing various GFP-tagged endosome proteins to 
better characterize the trafficking pathway.  First, we found that the intracellular GABA 
receptor immunofluorescence in cup-5 mutants exposed to muscimol co-localized 
with RAB-7-GFP, a late endosome protein, confirming the involvement of endocytic 
trafficking in agonist-dependent downregulation.  Next, we used RNAi to knock down 
the expression of RAB-7, and RAB-5, which is required for the fusion of endocytic 
vesicles with early sorting endosomes.  In these worms, GABA receptor staining was 
grossly normal before muscimol exposure.  After muscimol exposure, GABA receptors 
were downregulated at the synapse normally, but accumulated in unique intracellular 
patterns at later time points.  Knocking down RAB-11, required for receptor recycling, 
had little effect before or after muscimol treatment.  These results are consistent with the 
interpretation that GABA receptors are normally stable at the C. elegans neuromuscular 
junction, but undergo increased endocytosis when chronically activated.  They then traffic 
through early endosomes, then late endosomes, and finally to the lysosome where they 
are degraded. 
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Contact: mding@genetics.ac.cn 
Lab: Shen 
Spatial Regulation of an E3 Ubiquitin Ligase Directs Selective Synapse 
Elimination
Mei Ding1, Dan Chao2, George Wang2, Kang Shen2
1Institute of Genetics and Developmental Biology, CAS, Beijing, China, 
2Stanford University
Synapse elimination is a developmental hallmark of neural circuit refinement. 
However, the molecular mechanisms that selectively eliminate certain synapses while 
sustaining others are poorly understood. We investigated synapse elimination in the 
egg-laying motor neuron of C. elegans, HSNL. In adult animals, HSNL connects to its 
targets, the vulval muscle and VC motor neurons, via a cluster of synapses localized 
exclusively to the vulval region, the primary synapse region (PSR). At early stage of 
development, we observed that additional synapses formed immediately anterior to the 
vulva, the secondary synapse region (SSR). In syg-1 mutant, synapses at the SSR failed 
to be eliminated. syg-1 encodes a immunoglobulin superfamily protein, which localizes 
specifically to the PSR. How does SYG-1 function in eliminating synapse at the SSR 
then? We found that SYG-1 may do so through inhibiting SCFSEL-10-complex-mediated 
protein degradation pathway. SCFSEL-10 complex is an E3 ubiquitin ligase, a Skp1-cullin-
F-box (SCF) complex composed of SKR-1 and the F-box protein SEL-10. SYG-1 
bound to SKR-1 and inhibited assembly of the SCF complex, thereby protecting nearby 
synapses. This ensures that synapses are stabilized at appropriate sites but removed from 
inappropriate sites. Currently, we are investigating the specific substrates of SCFSEL-10 
complex and seeking other E3 ligases, which function in parallel with SCFSEL-10 complex 
in synapse elimination. Progress will be reported in this meeting. 
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Contact: joanne.kim@utoronto.ca 
Lab: Zhen 
A chemical-genetic approach in C. elegans SAD-1 kinase reveals its distinct 
temporal plasticities in the establishment of neuronal polarity and synaptic 
organization
Joanne Kim3, 2, Brendan Lilley1, Joshua Sanes1, Mei Zhen3, 2
1Department of Molecular and Cellular Biology and Center for Brain Science, 
Harvard University, Cambridge, MA 02138, USA, 2Samuel Lunenfeld 
Research Institute, Mount Sinai Hospital, Toronto, Ontario, M5G 1X5, 
Canada., 3Department of Molecular Genetics, University of Toronto, Toronto, 
Ontario, M5S 1A8, Canada.
The assembly of a functional neuronal network is a series of developmental events 
including polarization and synaptogenesis. In Caenorhabditis elegans (C. elegans), 
the serine/threonine SAD-1 kinase is essential for neuronal polarity as well as the 
organization of synaptic specializations. To determine if SAD-1 activity is required 
for the establishment and/or maintenance of these neuronal structures, we adopted a 
chemical-genetic method that allows selective and reversible inactivation of the kinase 
in vivo and investigated its temporal requirements for neuronal polarity and synaptic 
organization. Our findings suggest that SAD-1 activity is important for the establishment 
of both neuronal polarity and synaptic organization in developing neurons. Surprisingly, 
SAD-1 activity can also re-establish or correct synaptic organization, but not neuronal 
polarity, in developed neurons. This is the first successful validation and application of 
the chemical-genetic approach in C. elegans. More importantly, our results show distinct 
plasticities in the different neuronal roles of SAD-1, revealing a temporal aspect to the 
SAD-1 mechanism. 
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Contact: atallen@student.umass.edu 
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Genetic Screen to Identify Novel Components of Dopamine Signaling in C. 
elegans
Andrew Allen, Katherine Betts, Daniel Chase
UMass Amherst, Amherst, MA, USA
Dopamine is an important neurotransmitter in the brain, playing a regulatory role 
in the coordination of movement and reward-based learning.  Defects in dopamine 
signaling underlie Parkinson’s disease, drug addiction, and schizophrenia.  Dopamine 
acts through G protein-coupled receptors to modulate synaptic activity.  While many 
drugs have been identified that activate or inhibit dopamine receptors and the effects 
of such drugs on behavior have been characterized in some detail, little is known about 
the molecular pathways activated by dopamine in the brain. Like mammals, the soil 
nematode C. elegans uses dopamine to control neural activity and thus can serve as a 
genetic tool to identify the molecular mechanisms through which dopamine receptors 
act. To identify novel components of mammalian dopamine signaling pathways, we 
conducted a genetic screen in C. elegans for mutants defective in dopamine response. 
We screened 31,000 mutagenized haploid genomes and recovered nine mutants. Six of 
these mutants identified previously known dopamine signaling genes that encode the G 
proteins GOA-1 (ortholog of human Gαo) and EGL-30 (ortholog of human Gαq), the 
diacylglycerol kinase DGK-1 (ortholog of human DGKθ), and the dopamine receptor 
DOP-3 (ortholog of human D2-like receptor). The ability to isolate mutations in known 
dopamine signaling components verified the validity of our genetic approach. In addition 
to these known signaling components, we identified mutations in at least two novel 
genes involved in dopamine response. We are currently characterizing these mutants to 
establish their role in dopamine signaling. 
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Lab: Sieburth 
A screen for PKC-1 signaling pathway components that regulate DCV 
secretion
Krishnakali Dasgupta, Derek Sieburth
USC, Los Angeles, CA, USA
Synaptic vesicles (SV) and dense core vesicles (DCV) both contain neurotransmitter 
and release it in response to calcium. However, differences in their biogenesis, release 
properties, and recycling suggest that each type of organelle may use some unique 
proteins to carry out their functions.  PKC-1 is a protein kinase C ortholog that regulates 
neuropeptide secretion, but may not be required for SV release.  PKC-1 null mutants have 
defects in neuropeptide secretion and accumulate DCV proteins in motor axons.  PCK-1 
is most similar to the human eta and epsilon isoforms which are activated by the second 
messenger DAG via their C1 domains, but very little is known about the in vivo targets 
or the downstream pathways activated by this class of PKC isoform.  In order to identify 
additional components that act in the PKC-1 pathway to regulate DCV secretion, we have 
generated a constitutively active PKC-1 mutant which lacks the autoinhibitory domain and 
is predicted to be active in the absence of DAG.  Expression of this transgene specifically 
in motor neurons causes hypersensitivity to aldicarb (Hic) and loopy locomotion.  We 
screened for suppressors of either the loopy or Hic phenotype of animals expressing the 
constitutive PCK-1, and identified ~30 suppressors that restore movement or aldicarb 
response.  We are in the process of mapping them and characterizing their effects on 
neuropeptide secretion.  We expect to identify direct targets of PKC-1 as well as proteins 
that are required for DCV biogenesis, DCV secretion, and components of downstream 
pathways activated by neuropeptides to control locomotion.  We will report on our 
progress to characterize their defects in DCV release, by measuring accumulation of 
fluorescently tagged neuropeptides in motor axons, and determine defects in neuropeptide 
secretion by measuring uptake of tagged neuropeptides in coelomocytes.
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Contact: duerr@ohio.edu 
Lab: Duerr 
Monoamine Oxidase Inhibitors
Janet Duerr, Melissa LaBonty, Nanda Filkin
Ohio University, Athens, OH, USA
Monoamines (MAs) such as dopamine and serotonin are important modulatory 
neurotransmitters in vertebrates and invertebrates, including C. elegans.  In vertebrates, 
most MA signaling is terminated by MA removal from the synapse by re-uptake 
transporters.  In the pre-synaptic cell, monoamine oxidases (MAO-A and MAO-B) and 
catechol-O-methyltransferase (COMT) may degrade the MA or the MA may be re-
packaged for re-release.  Monoamine oxidase inhibitors (MAOIs) such as phenelzine, 
tranylcypromine, and selegiline, raise the levels of MAs by inhibiting the degradation 
of MAs in the pre-synaptic cell.  In humans, MAOIs are used clinically to treat diseases 
such as depression (which is associated with serotonin deficits) or Parkinson’s disease 
(which is associated with dopamine deficits).  Unfortunately, these drugs have significant 
undesirable side effects, both in the peripheral and central nervous systems.   We have 
been studying the function of possible monoamine oxidases in C. elegans, encoded by 
the amx genes.  More recently, we have begun studying the chronic and acute effects of 
MAOIs on normal and MA-deficient C. elegans.  All of these drugs cause gradual onset 
of paralysis and are lethal at high doses.  However, the response to acute treatment differs 
for the different drugs. Our long-term plan is to use forward genetics to identify genes that 
are important for resistance to these drugs, in the hopes of identifying target in addition 
to MAOs that are important for their wanted or unwanted affects on humans.
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Contact: egovorun@aecom.yu.edu 
Lab: Sze 
Genetic Dissection of Serotonergic Inputs to Acetylcholine 
Neurotransmission
Elena Govorunova, Ji Ying Sze
Albert Einstein College of Medicine, Bronx, (NY), USA
The interaction between serotonin and other neurotransmitter signaling has a profound 
impact on behavior and physiology. Previous studies in our lab have shown that serotonin 
and SSRI fluoxetine (Prozac®) induce in worms profound muscular relaxation, upregulate 
GABAa UNC-49, and downregulate acetylcholine synthesis gene cha-1. The latter 
observation is consistent with the report that exogenous serotonin renders the worms 
resistant to aldicarb, an inhibitor of acetylcholine esterase, indicating that serotonin 
suppresses acetylcholine neurotransmission at the body-wall neuromuscular junction 
(Nurrish et al., 1999, Neuron, 24: 231-242). We have sought to understand the genetic 
basis of this serotonin signaling pathway. unc-2 encodes a subunit of a voltage-gating 
calcium channel involved in adaptation to serotonin (Schafer and Kenyon, 1995, Nature, 
375:73-78), and unc-2 mutants are resistant to aldicarb (Mathews et al., 2003, J. Neurosci., 
23:6537-6545). The double mutant of serotonin deficient mutant tph-1 and unc-2 exhibits 
hypersensitivity to aldicarb, indicating a strong genetic interaction. Mutations in unc-2 
human homolog have been associated with familial hemiplegic migraine. The second 
migraine-implicated gene that encodes a subunit of sodium pump is homologous to C. 
elegans eat-6. eat-6 mutants are hypersensitive to aldicarb and show reduced sensitivities 
to both serotonin and fluoxetine, suggesting the involvement of eat-6 in serotonin 
regulation of cholinergic neurotransmission. Allelic specificity of this phenotype trait 
correlates with that of hypersensitivity to aldicarb, but not with the allelic specificity 
of defects in pharyngeal pumping. A transcriptional GFP reporter reveals that eat-6 is 
expressed in motor neurons and body-wall muscles. We are using cell-specific constructs 
to determine the cellular sites of eat-6 action in acetylcholine neurotransmission. 
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Lab: Sieburth 
Biophysical analysis of PKC-1 mediated DCV secretion in primary cultured 
neurons
Bridget LaMonica, Robert Chow, Derek Sieburth
USC, Los Angeles, CA, USA
Neuropeptides are stored in and secreted from dense core vesicles (DCVs), which are 
found in many cell types, including neurons and neuroendocrine cells. While synaptic 
vesicles (SVs) are typically secreted only at an active zone in a neuron, DCVs can fuse 
almost anywhere in the cell, and our understanding of the molecular machinery required 
for DCV secretion and the ways in which secretion is regulated is incomplete. We have 
established a system recently developed by Zhou et al1 for direct electrophysiological 
assays of DCV secretion in primary cultured C.elegans neurons. This approach allows 
examination of vesicle docking, fusion, and release kinetics using total internal reflection 
fluorescence microscopy (TIRFM) and whole-cell patch clamp recordings. We have 
recorded from different neuronal cell types marked by GFP under cell-specific promoters, 
including cholinergic neurons, which release both SVs and DCVs, and neuroendocrine 
cells containing mostly DCVs. Analysis of the specific role that PKC-1, a protein 
kinase C ortholog, plays in DCV exocytosis is underway using these methods. PKC-1 
regulates secretion of neuropeptides in cholinergic motor neurons. However, a lack 
of direct functional assays of vesicle secretion has until now prevented a mechanistic 
understanding of PKC-1’s role in the regulation of DCV exocytosis. We will look at the 
effects of PKC-1 null mutants and expression of a constitutively active mutant on DCV 
exocytotic burst kinetics in response to caged calcium photolysis. Additionally, we will 
employ TIRFM to detect changes in DCV docking and secretion by imaging fluorescently 
tagged neuropeptides in neuroendocrine cells. We also plan to use this approach to 
investigate other potential regulators of DCV exocytosis acting in the PKC-1 pathway 
that we identified in genetic screens for downstream effectors of PKC-1 signaling. 
1. Zhou, KM et al. Neuron 56:657-59 (2007)
2. Sieburth, D et al. Nat Neurosci 10:49-57 (2007) 
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Contact: lluo1@gwdg.de 
Lab: Eimer 
Trafficking of Nicotinic Acetylcholine Receptors in C. elegans
Ling Luo, Katrin Hartwich, Stefan Eimer
European Neuroscience Institute, Goettingen, Germany
At the C. elegans neuromuscular junction (NMJ), fast synaptic transmission is 
mediated by acetylcholine (ACh). A specific subset of acetylcholine receptors (AChR) 
at the postsynaptic site can selectively activated by the agonist levamisole. UNC-50, 
an integral membrane protein, was found in screens for mutants that are resistant to 
levamisole. In unc-50 mutants, levamisole sensitive AChRs do not reach the synapse 
at the NMJ. Instead, they are sorted to the lysosomal system and rapidly degraded. As 
a consequence of the lack of levamisole sensitive AChRs at the NMJ, unc-50 mutants 
exhibit an uncoordinated slow movement. Interestingly, a second type of muscle nAChR, 
which is insensitive to levamisole, and the muscle GABAA receptor are normally 
transported to the cell surface. Based on its selectivity, UNC-50 could be assumed to be 
a trafficking or sorting factor specific for levamisole sensitive AChRs. In accordance, 
UNC-50 localizes in endosome and late Golgi.
Despite its specificity, UNC-50 is evolutionarily conserved from yeast to human. 
However, there are no AChRs in yeast or plants. Therefore, it’s likely that the UNC-50 
protein family may have more general functions during intracellular transport. However, 
unc-50 mutants are viable and show almost no visible phenotype. Therefore, redundant 
or parallel pathways with UNC-50 may exist. To find redundant or parallel pathways 
with UNC-50, we did synthetic lethality screens in C. elegans. We found that vps-52 and 
vps-54 mutations are lethal in combination with unc-50 mutation in C. elegans. In addition, 
we show that this synthetic lethal interaction also exists in yeast. Vps52p and Vps54p 
are components of the GARP (Golgi-Associated-Retrograde-Protein) complex which is 
a tethering factor involved in retrograde transport from endosome to Golgi. However, 
the GARP complex has not been characterized in C. elegans. Our work shows that in C. 
elegans, the GARP complex consists of three subunits: VPS-52, VPS-53 and VPS-54. 
GARP complex is ubiquitously expressed in all tissues and localized to endosome and 
late Golgi, largely overlapping with UNC-50 localization. The C. elegans GARP complex 
also colocalizes with RAB-6 and likely to interact with it, which has already been shown 
in yeast and human. Our results indicate that UNC-50, like the GARP complex, is also 
involved in retrograde transport from endosome to Golgi. Further mechanistic insights 
of UNC-50 functions will be presented at the meeting.
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Contact: kmaher@mcb.umass.edu 
Lab: Chase 
Mechanism of Antagonistic Dopamine Receptor Signaling in C. elegans
Kathryn Maher, Daniel Chase
University of Massachusetts, Amherst, (MA), USA
Defects in signaling by the neurotransmitter dopamine underlie a variety of neurological 
disorders including schizophrenia, drug addiction and Parkinson’s disease. Despite the 
clinical importance of understanding how dopamine modulates neural activity, the 
molecular and cellular basis for its actions on target cells remains largely unclear. While 
it is known that dopamine can act both synergistically and antagonistically through two 
classes of receptors (D1- and D2-like) and that these receptors can be coexpressed in 
neurons, it is not clear in any neuron that coexpresses the receptors precisely where the 
coexpressed receptors are localized and how their localization contributes to the signaling 
mechanism by which they modulate neural activity. Indeed, the inherent structural 
complexity of the mammalian brain has made it difficult to make such determinations. 
In C. elegans D1- and D2-like dopamine receptors are coexpressed and antagonize each 
other in specific cells: the cholinergic motor neurons. These motor neurons innervate 
and modulate the activity of body-wall muscles to control locomotion behavior. In 
genetic screens our lab has recently identified several molecular components that act 
downstream of these antagonistic receptors. Each component we identified is conserved 
in mammals and expressed in the brain indicating that the mechanisms of dopamine 
signaling are conserved in these two divergent organisms. I am exploiting the simple 
and well-characterized nervous system of C. elegans to investigate the mechanism of 
antagonistic dopamine signaling in more detail. By using functional fluorescent receptor 
protein transgenes and fluorescent synaptic marker proteins in live animals we are 
determining the complete subcellular localization of the D1- and D2-like receptors in 
the cholinergic motor neurons. We will also examine the contribution of D1- and D2-like 
receptor signaling on neural activity by measuring spontaneous and induced post synaptic 
currents in the muscles they innervate. Because the molecular mechanisms of dopamine 
are conserved between mammals and C. elegans this work will provide further insights 
into the antagonistic mechanism of dopamine signaling in the brain.
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Contact: mathewse@omrf.org 
Lab: Rand 
Inverted Repeat Sequences Are Required For Alternative Splicing Of The 
Cholinergic Locus unc-17 - cha-1
Ellie Mathews, Greg Mullen, Jim Rand
Oklahoma Medical Research Foundation, Oklahoma City, OK, 73104
Acetylcholine (ACh) is a major neurotransmitter in both vertebrate and invertebrate 
nervous systems; in C. elegans, more than a third of the neurons are cholinergic, 
and ACh is the major excitatory transmitter at neuromuscular junctions. A single 
phylogenetically conserved locus encodes both the acetylcholine biosynthetic enzyme 
choline acetyltransferase (ChAT; cha-1) and the vesicular acetylcholine transporter 
(VAChT; unc-17) proteins. The VAChT coding region is contained within the first intron 
of the cha-1 gene, and alternative splicing of the pre-mRNA gives rise to separate ChAT 
and VAChT transcripts. In C. elegans, most cholinergic neurons robustly express both 
proteins, although a few neurons appear to preferentially express either ChAT or VAChT. 
We identified two sets of inverted repeat sequences (designated R1 and R2) in the non-
coding sequences flanking the unc-17 coding region which could potentially form RNA 
stem-and-loop secondary structures. We speculated that these sequences might play a 
role in regulating alternative splicing. We therefore engineered a “dual reporter” in which 
the unc-17 coding region was replaced with green fluorescent protein (GFP) and the 
cha-1 coding region with a modified red florescent protein (“wCherry”). The resulting 
construct contains all of the conserved non-coding sequences in the regions flanking 
unc-17 and cha-1, and transgenic animals containing this construct correctly express 
GFP and wCherry in the appropriate cells. To validate the reporter, we introduced the 
cn355 mutation, which disrupts splicing of the endogenous unc-17 gene, and found that 
it had comparable effects on expression of the two reporters. We find that both R1 and R2 
repeats are necessary for proper expression of wCherry (cha-1), and that their functions 
are not sequence dependent, but instead merely require sequence complementarity (i.e., 
the ability to form stem-and-loop secondary structures). A similar phenomenon has also 
been reported for the mammalian Fibroblast Growth Factor Receptor 2 (FGFR2) and is 
thought to require the participation of double-stranded RNA binding proteins (Carstens 
et al., 2002). In an effort to identify trans-acting factors regulating this process, we 
have used the dual reporter transgenic construct to identify mutants affecting alternative 
splicing of unc-17 - cha-1. 
(Funded by NIGMS) 
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Contact: maxfield@math.utah.edu 
Lab: Maricq 
Characterizing the Spatiotemporal Dynamics of Glutamate Receptor 
Complexes in C. elegans
Dane Maxfield, Frederic Horndli, Penelope Brockie, Jerry Mellem, David Madsen, 
Andres Maricq
University of Utah, Salt Lake City, (UT), U.S.A.
Plasticity of the nervous system and how this might facilitate learning and memory is 
an intriguing and challenging problem in the field of neuroscience. Glutamate is the major 
excitatory neurotransmitter in the brain and mediates rapid neurotransmission by 
binding to transmembrane ionotropic glutamate receptors (iGluRs). Regulation of 
both the subunit composition and the number of iGluRs at synapses underlies forms of 
synaptic plasticity that may contribute to learning and memory formation. For example, 
iGluRs are thought to constantly track in and out of synapses by lateral diffusion in the 
plasma membrane and by cycling between the cell surface and intracellular organelles. 
However, many of these analyses were undertaken in cultured neurons and may not 
faithfully represent the behavior of iGluRs in vivo. Using C. elegans. We have begun to 
characterize the spatiotemporal dynamics of iGluRs in a living organism. One component 
of the glutamate-activated current in C. elegans is mediated by the AMPA-type iGluR 
subunit GLR-1. We have identi ed two auxiliary subunits, SOL-1 and STG-1 that are 
required for GLR-1 function. To form functional glutamatergic synapses, iGluRs and their 
auxiliary subunits must be expressed in a specific subset of neurons and then localized 
to the proper postsynaptic sites. Once localized, iGluRs must then be maintained at 
the appropriate density. How are these dynamic processes regulated? We are currently 
generating a variety of fluorescently tagged iGluRs that will allow us to address the 
following questions: What is the stability of iGluRs at synapses? Is trafficking an active 
or passive process? How does neural activity affect iGluR turnover at synapses? And, is 
the trafficking of GLR-1, SOL-1 and STG-1 interdependent? Ultimately, we would like 
to identify genes that are required for these processes. By characterizing the dynamic 
behavior of iGluRs in C. elegans, we hope to better understand the basic mechanism 
controlling synaptic signaling and the neural control of behavior. 
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Contact: leda.ramoz@vanderbilt.edu 
Lab: Blakely 
Characterizing the Behavioral, Pharmacological, and Neurochemical 
Consequences of a Loss of Serotonin Transporter Activity in Caenorhabditis 
elegans
Leda Ramoz, Dawn Matthies, Randy Blakely
Vanderbilt University, Nashville, (TN), USA
The monoamine neurotransmitter 5-hydroxytryptamine (5-HT, serotonin) is an 
essential component of the vertebrate central and autonomic nervous systems, regulating 
body temperature, sleep, appetite, and mood. Abnormal 5-HT signaling has been 
implicated in a variety of disorders such as depression, anxiety, alcoholism, obsessive-
compulsive disorder (OCD) and autism. Synaptic concentrations of 5-HT are controlled 
through the activity of the presynaptic 5-HT transporter (5-HTT, SERT), a major target 
of psychostimulants and antidepressants, and which is regulated by multiple Ser/Thr 
kinase linked pathways. The C. elegans mod-5 gene encodes a protein of the SLC6 gene 
family that possesses 49% amino acid sequence identity with mammalian SERT proteins 
and confers paroxetine-sensitive 5-HT transport on nonneuronal cells after heterologous 
expression (Ranganathan et. al., 2001). Here we report and characterize the expression 
of antidepressant-sensitive 5-HT transport in C. elegans primary embryonic cultures. 
These cultures allow us to quantify the impact of putative MOD-5 regulatory genes 
using lines deficient in known regulators of mammalian SERTs. Ongoing efforts also 
seek to evaluate the impact of mod-5 alleles on 5-HT transport and turnover, as well 
as on nematode 5-HT/DA/GABA levels. We are currently generating transgenic lines 
expressing GFP:MOD-5 to study the enrichment of 5-HT transporters at serotonergic 
synapses in relation to other synaptic markers (e.g. CAT-1). Finally, we are pursuing both 
reverse and forward genetic manipulations to elucidate the structural/genetic determinants 
of MOD-5 trafficking, localization and transport activity. 
Supported by NIH award DA07390 and the Silvio O. Conte Center for Basic 
Neuroscience Research to RDB. 
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Contact: ringstad@mit.edu 
Lab: Horvitz 
FLP-18 Neuropeptide Signaling Functions to Increase C. elegans Body 
Curvature
Yin Li, Niels Ringstad, Bob Horvitz
HHMI, Dept. of Biology, MIT, Cambridge, MA 02139, USA
The C. elegans genome contains a large family of flp genes, which encode FMRFamide-
related peptides. However, the functions of these neuropeptides are poorly understood. 
We studied the neuropeptide gene flp-18 by using its overexpression phenotype as an in 
vivo assay for peptide activity. Overexpression of flp-18 shortened body length, increased 
body curvature, decreased velocity and caused uncoordinated reverse locomotion. We 
sought suppressors of the behavioral defects caused by flp-18 overexpression by testing 
candidate genes and by mutant screens.  We found that the G protein-coupled receptor gene 
Y58G8A.4 is required for the body length and posture defects of flp-18 overexpressors, 
suggesting that Y58G8A.4 mediates the control of body shape by FLP-18 signaling. 
Overexpression of Y58G8A.4 caused the same behavioral defects as overexpression of 
flp-18. The receptor overexpression phenotype was suppressed by deletion of flp-18, 
indicating that Y58G8A.4 receptor activity is regulated by FLP-18 peptides in vivo. 
Because flp-18 deletion mutants were grossly wild-type we tested whether FLP-18 
peptides function redundantly with small-molecule transmitters.  Specifically, we 
examined animals multiply mutant for flp-18 and genes required for the synthesis or 
transmission of acetylcholine, GABA, tyramine and octopamine or serotonin. We found 
that deletion of flp-18 partially suppressed the increased-curvature defect of cha-1 and 
unc-29 mutants, which have decreased cholinergic signaling, suggesting that one function 
of FLP-18 is to increase curvature. 
To identify cellular circuits that use FLP-18 peptides to control posture, we generated 
a functional flp-18::gfp reporter transgene.  We observed expression of flp-18::gfp in head 
neurons, approximately a dozen neurons in the ventral nerve cord, the dorsal nerve cord 
and one tail neuron.  flp-18::gfp was coexpressed with a cholinergic marker in some ventral 
nerve cord motor neurons, but not in head or tail neurons. A functional Y58G8A.4::gfp 
reporter gene was expressed primarily in body-wall muscles. These expression patterns 
suggest that FLP-18 peptides regulate body curvature by acting directly on body-wall 
muscles and might be released from cholinergic ventral cord motor neurons. 
Poster Topic: 03 Synaptic function and modulation 
166
Contact: ringstad@mit.edu 
Lab: Horvitz 
A Pair of Presumptive Sensory Neurons Inhibits C. elegans Egg-laying 
Behavior
Niels Ringstad, Bob Horvitz
HHMI, Dept. of Biology, MIT, Cambridge, MA 02139, USA
The simple neuromusculature that drives C. elegans egg-laying behavior is negatively 
regulated by Go signaling.  Previously, we identified a G protein-coupled receptor, 
EGL-6, that functions to inhibit the HSN motor neurons in a Go-dependent manner and 
identified its ligands, FMRFamide-related peptides (FaRPs) encoded by the genes flp-10 
and flp-17.  We analyzed the expression of flp-10 and flp-17 reporter transgenes to identify 
cellular circuits that use these FaRPs to control egg-laying behavior. 
We detected expression of a flp-10::GFP reporter gene in six neurons, the head 
mesodermal cell and cells of the somatic gonad and vulva.  Laser ablation of flp-10::GFP-
expressing neurons in strains overexpressing flp-10 only weakly suppressed the effects of 
flp-10 overexpression, suggesting that the neuronal expression of flp-10 we observed was 
not required for flp-10 gene function.  We observed flp-17::GFP reporter gene expression 
primarily in a pair of anterior neurons, the BAG cells, which are presumptive sensory 
neurons that have not been associated with a sensory modality.  Laser-ablation studies 
using strains overexpressing flp-17 and strains sensitive to the effects of flp-17 deletion 
indicated that the BAG cells are the principal source of endogenous flp-17 FaRPs. Our 
data also indicate that the BAG cells provide inhibition to the egg-laying system that is 
independent of flp-17.  Our observations suggest that egg laying by C. elegans is under 
the control of a BAG cell-mediated sensory system.  Association of the BAG cells with 
a sensory modality might identify environmental or internal cues that are salient for the 
control of this behavior.   
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Contact: a.j.wolstenholme@bath.ac.uk 
Lab: Wolstenholme 
The Nicotinic Acetylcholine Receptors of the Clade III Parasite Ascaris suum: 
some Worms may have Simpler Minds
Sally Williamson1, Hayley Bennett1, Alan Robertson2, Lawrence Brown3, Tracey 
Williams4, Debra Woods4, Richard Martin2, David Sattelle3, Adrian Wolstenholme1
1University of Bath, Bath, UK, 2Iowa State University, Ames, IA, USA, 3MRC 
Functional Genetics Unit, Oxford, UK, 4Pfizer Animal Health, Kalamazoo, 
MI, USA
C. elegans possesses the largest known family of nicotinic acetylcholine receptor 
(nAChR) subunit genes, suggesting that they play many different roles in the worm’s 
nervous system, both at the neuromuscular junction and in the CNS. In contrast, analysis 
of the genome sequences of the clade III nematode Brugia malayi and clade I Trichella 
spiralis shows that both species have many fewer nAChR subunit genes – in fact, they 
have the smallest known nAChR gene families - and that several subunits found at the 
C. elegans neuromuscular junction are absent in the parasites, including LEV-1, LEV-8/
ACR-13 and ACR-16. Despite this, at least three distinct classes of nicotinic channel have 
been described on Ascaris suum (a clade III nematode) muscle cells. There is also one 
nAChR subunit gene, acr-26, which is present in B. malayi, A. suum and several other 
parasites, but is absent from all Caenorhabditis species examined. We have cloned cDNAs 
encoding UNC-29, UNC-38, UNC-63 (partial) and ACR-26 from A. suum and raised 
antibodies against all four subunits. We used these antibodies in immuno-localisation 
experiments on Ascaris tissue: UNC-29, UNC-38 and UNC-63 were expressed on 
body-wall muscle cells, where UNC-29 and UNC-38 clearly co-localised. ACR-26 was 
expressed only on muscle cells isolated from the head region. When expressed in Xenopus 
oocytes, Ascaris UNC-29 and UNC-38 formed functional heteromeric channels gated by 
acetylcholine, nicotine and levamisole (potency LEV>ACH>NIC) with properties similar 
to those previously reported for native nicotinic receptors on Ascaris muscle cells. 
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Contact: andrew.bellemer@yale.edu 
Lab: Koelle 
ABTS-1 and KCC-2 are Chloride Transporters that Control Inhibitory 
Neurotransmssion in C. elegans
Andrew Bellemer1, Jessica Tanis1, James Moresco2, Michael Koelle1
1Yale University School of Medicine, New Haven, CT, 2Current address: The 
Scripps Research Institute, La Jolla, CA
Ion transporters control behavior by creating and maintaining gradients of ions across 
the plasma membrane, thus regulating the electrical excitability of neurons and muscles. 
We have identified mutations in ABTS-1, a bicarbonate-chloride exchanger, and KCC-2, 
a potassium-chloride cotransporter, in a genetic screen for mutants with a hyperactive 
egg-laying system. Both transporters extrude chloride from cells, and we hypothesize that 
they create and maintain a low intracellular chloride concentration relative to the high 
extracellular chloride concentration. This chloride gradient can then allows inhibitory 
neurotransmitters that gate chloride channels, such as GABA, to hyperpolarize the cell 
through the influx of chloride ions. Consistent with this model, we found that mutants 
for both ABTS-1 and KCC-2 show defects similar to those of mutants for the GABA-
gated chloride channel UNC-49. While the GABA receptor agonist, muscimol, induces 
flaccid paralysis in wild-type animals by hyperpolarizing body wall muscles, the ABTS-1, 
KCC-2, and UNC-49 mutants all show resistance to this effect of muscimol. 
Analysis of promoter::GFP transgenes demonstrates that both transporters are 
expressed in a subset of neurons including the HSN motor neurons of the egg-laying 
system, body-wall muscles, and several additional cell types. Cell-specific rescue 
experiments have shown that both transporters function in the HSN to affect egg laying 
and thus regulate neurotransmitter signaling presynaptically. Both transporters may also 
control neurotransmission postsynaptically: in addition to being insensitive to the effects 
of muscimol, mutants for both ABTS-1 and KCC-2 are hypersensitive to the paralytic 
effects of the cholinesterase inhibitor, aldicarb, and the nicotinic acetylcholine receptor 
agonist, levamisole. These observations are consistent with ABTS-1 and KCC-2 acting 
in body-wall muscles as general regulators of neurotransmitter signaling, potentially 
by generating chloride gradients used by UNC-49 chloride channels to hyperpolarize 
the muscle cells or through a broad effect on the electrical excitability of the muscle 
membrane. We will test this model by measuring the electrical responses of the body-
wall muscles using patch-clamp electrophysiology. 
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Contact: tcai@mail.nih.gov 
Lab: Notkins 
Loss of the Transcriptional Repressor PAG-3 Results in Enhanced 
Neurosecretion that is Dependent on the Dense-Core Vesicle Membrane 
Protein IA-2
Tao Cai1, Hiroki Hirai1, Tetsunari Fukushige2, Ping Yu3, Guofeng Zhang4, Abner 
Notkins1, Michael Krause2
1NIDCR/NIH, Bethesda, MD, 2NIDDK/NIH, 3NCI-Frederick, 4NIBIB/NIH
It is generally accepted that neuroendocrine cells regulate dense core vesicle (DCV) 
biogenesis and cargo packaging in response to secretory demands, although the molecular 
mechanisms of this process are poorly understood.  One factor that has previously 
been implicated in DCV regulation is IA-2, a catalytically inactive protein phosphatase 
present in DCV membranes.  Our ability to visualize a functional GFP-tagged version 
of IA-2 directly in live C. elegans animals has allowed us to capitalize on the genetics 
of the system to screen for mutations that disrupt DCV regulation.  We found that loss of 
activity in the transcription factor PAG-3, that functions as a repressor in many systems, 
results in a dramatic up-regulation of IA-2 and other DCV proteins.  The up-regulation 
of DCV components was accompanied by an increase in presynaptic DCV numbers 
and resulted in phenotypes consistent with increased neuroendocrine secretion.  Double 
mutant combinations revealed that these PAG-3 mutant phenotypes were dependent on 
wild type IA-2 function.  Our results support a model in which IA-2 is a critical element 
in DCV regulation and reveal a novel genetic link to PAG-3-mediated transcriptional 
regulation.
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Contact: rkohn@ursinus.edu 
Lab: Kohn 
Acetylcholinesterase Mutants are Sensitive to Oxidative Stress
Laura Gurenlian2, Julie Bodkin2, Alicia Minniti1, Nibaldo Inestrosa1, Rebecca 
Kohn2
1Fac. de Cs. Biologicas P. U. Católica de Chile, Santiago, Chile , 2Ursinus 
College, Collegeville, PA, USA
Oxidative stress affects the enzyme acetylcholinesterase in several organisms and 
can play a role in neurodegeneration. The response of acetylcholinesterase mutants in 
Caenorhabditis elegans to oxidative stress has not been characterized. We examined C. 
elegans strains with defects in acetylcholinesterase genes for sensitivity to oxidative stress. 
Strains were synchronized and embryos were placed on plates with the chemical paraquat 
to induce oxidative stress. The percent of embryos that hatched on paraquat plates was 
compared to the percent hatching on plates lacking paraquat. In response to oxidative 
stress, fewer embryos with defects in two of the four acetylcholinesterase genes found in 
C. elegans hatched. These findings suggest that decreased levels of acetylcholinesterase 
in synapses may be lethal to C. elegans embryos when exposed to oxidative stress. 
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Contact: tkubises@yorku.ca 
Lab: Kubiseski 
CDC-42 Modulates Acetylcholine Synaptic Transmission at the 
Neuromuscular Junction
Yuqian Zhang, Terry Kubiseski
York University, Toronto, ON, Canada
The interest of our lab is on the signaling events involving the Rho-GTPase 
family.  These membrane associated proteins play a critical role in receptor-mediated 
signaling cascades that regulate transcription, cell division, vesicle transport and actin 
dynamics in a way that provides the cell with polarity, force for motility during movement 
and determining the morphology of the cell.   The three most studied Rho-GTPases are 
Rho, Rac and Cdc42 and they are key regulators of actin cytoskeleton organization and 
cellular morphogenesis.  The purpose of this project is to further investigate the biological 
role of cdc-42 using C.elegans as a model organism.  It is well established that cdc-42 is 
essential in early embryonic development, but many details of its role later in development 
still need to be determined.
Previous studies have shown that the rho-1 gene is a pre-synaptic activator of 
neurotransmitter release in C.elegans (1) and a genome wide RNAi screen for genes 
required in membrane traffic links cdc-42 to endocytosis (2).  We hypothesize that the 
presence or absence of cdc-42 may affect the synaptic transmission at the neuromuscular 
junction by regulating either exocytosis in nerve cells and/or endocytosis in muscle 
cells.  To test this hypothesis, we have obtained a strain from the Caenorhabditis Genetics 
Center that contains a balanced deletion in the cdc-42 gene (VC898).  We have determined 
that the VC898 strain, which is heterozygous for the cdc-42 deletion, is sensitive to 
the acetylcholine esterase inhibitor aldicarb when compared to worms containing the 
balancer (mIn1) and wild-type cdc-42 gene.  This phenotype is rescued by a transgene that 
expresses wild-type cdc-42 in all somatic cells in the VC898 background.  We are currently 
determining the site of CDC-42 action by creating transgenes for specific expression of 
cdc-42 in neurons and in muscle cells.  We will also investigate the developmental timing 
required for cdc-42 expression by creating a transgene that contains the cdc-42 gene 
under control of the heat-shock promoter and expressing cdc-42 early in development 
(during synapse formation) or later in the adult.  Progress of these experiments will be 
reported at this meeting.
1. McMulla R., et al. (2006) Genes & Dev. 20:65.
2. Balklava Z., et al. (2007) Nat.Cell. Biol. 9: 1027.
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Contact: a.clark@gurdon.cam.ac.uk 
Lab: Miska 
Investigating the Role of miR-124 in C. elegans
Alejandra Clark, Funda Sar, Eric Miska
Cancer Research UK/Gurdon Institute, University of Cambridge, Cambridge, 
UK
miRNAs constitute a class of small non-coding RNAs shown to play critical roles in 
cell fate, developmental timing and apoptosis.  Unlike most other miRNAs in C. elegans 
that share only partial sequence conservation across species, miR-124 is 100% conserved 
from worms to humans.  Moreover its expression pattern is also highly conserved in all 
species so far investigated.  In mice, miR-124 is estimated to be the most abundant miRNA 
in the brain, expressed throughout the embryonic and adult central nervous system.  This 
high degree of conservation across species suggests a critical role in neural differentiation 
and or function.  However, at present no loss of function mutants have been described 
in any species to support this hypothesis.  To address this question, we are investigating 
a C. elegans mir-124 deletion mutant (Miska et al. 2007).  mir-124 mutants are viable 
and superficially wild-type.  A mir-124::GFP reporter transgene suggests that miR-124 
expression is restricted to the nervous system.  However, it is not pan-neuronal, but 
expressed strongly in sensory neurons.  We are currently investigating the morphology 
and differentiation state of miR-124 expressing neurons in mir-124 mutants.  In addition 
we are carrying out a number of behavioural assays to address the function of sensory 
neurons in this mutant.  In parallel, to test whether other genes might act redundantly 
with mir-124, we are carrying out an RNAi genetic interaction screen.  
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Contact: gazalad2@hotmail.com 
Lab: Komuniecki 
Distinct subsets of serotonin receptors modulate different ASH-mediated 
aversive behaviors in Caenorhabditis elegans
Gareth Harris, Vera Hapiak, Rachel Wragg, Sarah Miller, Robert Steven, Bruce 
Bamber, Richard Komuniecki
University of Toledo
Serotonin (5-HT) modulates many key behaviors in Caenorhabditis elegans. For 
example, 5-HT increases aversive responses to dilute (30%) octanol, a process mediated 
primarily by the ASH sensory neurons (Chao et al., 2004, PNAS 101:15512).  Previously, 
we demonstrated that at least three different 5-HT receptors were essential for serotonergic 
sensitization to dilute octanol, two G-protein coupled receptors, SER-1 and F16D3.7 
and a 5-HT gated chloride channel, MOD-1.  Based on neuron-specific rescues, the 
three receptors appeared to function at different levels within the ASH-mediated circuit 
initiating backward locomotion, F16D3.7 in the sensory neurons, MOD-1 in AIA/AIB 
interneurons and SER-1 in the RIA/ring motor neurons (ref to abstract).  In the present 
study, we have identified the 5-HT receptors involved in another 5-HT stimulated ASH-
mediated aversive response, nose touch.  Although nose touch is mediated primarily 
by the ASH sensory neurons, two additional sensory neurons, FLP and OLQ are also 
involved. Interestingly, we also have identified three different 5-HT receptors in the 
food or 5-HT mediated sensitization of nose touch.  As observed for sensitivity to dilute 
octanol, both F16D3.7 and SER-1 are involved.  However, in contrast to dilute octanol, 
SER-4, but not MOD-1 is required for 5-HT dependent increases in aversive responses 
to nose touch.  The Gαo coupled SER-4 is likely to inhibit neurotransmitter release, as is 
MOD-1, but the specific neurons involved remain to be identified.  SER-4 does not appear 
to be expressed in AIA/AIB.  Taken together, these results suggest that overlapping, but 
different serotonergic circuits modulate ASH mediated behavior, surprisingly each of the 
5-HT receptors appear essential for sensitization; no partial responses were observed. 
These studies are continuing to identify the individual neurons involved through a 
combination of neuron-specific rescue and RNAi knockdown of individual receptors and 
signaling molecules, coupled to direct electrophysiological recording from individual 
neurons. 
This work is supported by NIH grant AI45147 to RWK
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Contact: alpeters@princeton.edu 
Lab: Murphy 
C. elegans Long-Term Associative Olfactory Memory Requires the 
Transcription Factor CREB
Amanda Kauffman, Coleen Murphy
Princeton University
In humans, aging is associated with the progressive breakdown of body tissue and 
organs, resulting in age-related diseases, such as heart disease, diabetes, cancer, and 
Alzheimer’s disease. Similarly, C. elegans exhibits obvious aging phenotypes; with its 
short lifespan and lifespan-extending mutations, it is an ideal model organism for studying 
aging. Pathobiological studies of aging in C. elegans revealed that while muscle tissue 
degrades with age, neuronal cells maintain structural integrity throughout adulthood. This 
observation raises several questions: Does C. elegans neuronal function decline with 
age? Can mutations extend neuronal capability? And can neurodegenerative diseases 
be rescued? To begin to address these issues, we have developed a positive long-term 
associative olfactory memory assay. This long-term associative olfactory memory is 
dependent on crh-1, a C. elegans homolog for the transcription factor CREB. This assay 
can be applied to longevity and neurodegenerative models to assess changes in functional 
cognitive decline during aging or in the context of age-related disease. 
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Contact: kokimura@lab.nig.ac.jp 
Lab: Katsura 
Tracking Analysis of the Enhancement of 2-Nonanone Avoidance
Kotaro Kimura1, 2, Isao Katsura1
1National Institute of Genetics, Mishima, Japan, 2PRESTO, JST, Tokyo, Japan
C. elegans exhibits multiple types of behavioral plasticity. The plasticity of its 
avoidance behaviors, however, has not been studied enough. We have reported that 
preexposure to the repulsive odors of 2-nonanone or 1-octanol caused enhancement, 
rather than adaptation, of avoidance behavior of N2 animals to these odors (‘05 IWM 
#487C, ‘06 CeNeuro #54, ‘07 IWM #252). A 1-h preexposure to 90 nL of 2-nonanone 
significantly enhanced the average migration distance of the worms from the odor source, 
and the “memory” of preexposure was maintained for at least an additional 1 h after 
odor removal. Further, we found that dopamine signaling regulated the enhancement of 
2-nonanone avoidance. To our knowledge, this is the first example in worms of feeding 
status-independent regulation of behavioral plasticity by dopamine. We are currently 
working to identify the dopamine receptor involved in the enhancement. 
To understand which aspect of the avoidance behavior is modulated in the enhancement 
of 2-nonanone avoidance, we analyzed the animal’s locomotion by using a tracking system 
with a fixed high-resolution CCD camera at 0.5 Hz. Tracks of the animals during the 
2-nonanone avoidance appeared to be composed of “pirouettes” and “runs,” as in salt 
chemotaxis (Pierce-Shimomura et al., JNS 1999). Based on the shapes of the tracks, we 
defined the periods in a worm’s track of 2-nonanone avoidance as runs if the following 
2 conditions continued for 12 s or longer: (1) dTheta for 4 s (2 frames) was <100° and 
(2) the average velocity during 4 s was >0.05 mm/s. The other periods were pirouettes. 
We then analyzed the effect of preexposure on the pirouettes and runs and found that 
the preexposed animals exhibited significant increases in run duration as compared to 
naive and mock-treated animals. Interestingly, the preexposure significantly increased 
the frequency of the longer runs (duration, >=90 s ) and decreased that of the shorter runs 
(duration, 18-22 s), while the frequency of runs lasting for less than 18 s was unchanged. 
The results suggest that the enhancement of 2-nonanone avoidance is caused by increases 
in run duration and that stable and plastic run modes exsist in 2-nonanone avoidance. 
Poster Topic: 04 Sensation 
176
Contact: jwhite@biology.utah.edu 
Lab: Jorgensen
Factor(s) seX: purification of sex pheromones
Jamie White1, Long Truong1, Frank Schroeder2, Erik Jorgensen1
1University of Utah, Salt Lake City, Utah, USA, 2Boyce Thompson Institute, 
Cornell University, Ithaca, New York, USA
C. elegans hermaphrodites release pheromones that elicit sex-specific responses: 
males are attracted to the pheromones and hermaphrodites avoid them. Our goal is to 
purify these pheromones and determine their chemical structures.  Here, we focus on the 
components that elicit male attraction behavior: hermaphrodite sex pheromones.
Sex pheromones are released by adult hermaphrodites into liquid culture.  The 
pheromone activities are worm-dependent and not bacterially derived, shown by media 
containing worms without food (active), and food without worms (inactive).  Pheromones 
are specific to adult hermaphrodites, because media conditioned by males, early larvae, 
or dauers fail to elicit a wild-type behavioral response.  Pheromones are stable at room 
temperature for more than two weeks, and are heat- and  protease-resistant. 
Fractionation of hermaphrodite-conditioned media based on polar character from 
relatively small-scale cultures (500,000 to 1 million adult hermaphrodites) shows that 
attraction activity is consistently found in two sets of fractions, one broad set of more polar 
fractions (soluble in ~30-50% methanol) and another, narrower set of less polar fractions 
(soluble in >80% methanol; see previous abstracts  White, Chen, and Jorgensen, 2004 SfN, 
Truong et. al. 2006 WBPaper00028252, White et. al. 2007 WBPaper00030248).  These 
small-scale purifications did not yield amounts sufficient for extensive structural analysis. 
Fractionation of media from large-scale cultures (10 to 30 million hermaphrodites) 
shows the same general pattern of attraction activity: a set of more polar fractions, and 
a set of less polar fractions.  Additionally, there is a set of fractions with weaker activity 
soluble in 50% methanol that may not have been resolved in small-scale purifications. 
The number and broadness of the attraction activity peaks suggest that hermaphrodite 
sex pheromones are comprised of multiple compounds. Mixing active fractions does 
not seem to synergistically increase potency; this and the fact that each set of fractions 
can separately elicit attraction behavior indicates that sex-pheromone components are 
at least partly redundant.  Multiple, redundant sex pheromones may act to ensure robust 
behavior under a variety of conditions. 
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Contact: dmohalloran@ucdavis.edu 
Lab: L’Etoile 
Regulation of AWC mediated olfactory plasticity in Caenorhabditis elegans
Damien O’Halloran, Svetlana Altshuler, Jin Lee, Noelle L’Etoile
UC Davis, Davis, CA, USA
The nematode, Caenorhabditis elegans, can sense and adapt to a variety of volatile 
attractive odors. C. elegans is capable of modifying its olfactory behavior as a consequence 
of context and experience. A wide assortment of proteins have been identified that 
contribute to adaptation responses in AWC including the Protein Kinase G (PKG), EGL-4, 
which has been shown to be essential for AWC adaptation behavior after chronic odor 
exposure. After prolonged odor exposure EGL-4 translocates to the nucleus of AWC; this 
translocation event is both necessary and sufficient for adaptation behavior. However, the 
relationship between EGL-4 and other adaptation mutants is not known. Here we identify 
novel regulators of olfactory adaptation and provide an understanding of how other 
adaptation proteins and determinants function relative to EGL-4. We demonstrate that 
polyunsaturated fatty acid (PUFA) signaling functions downstream of EGL-4’s nuclear 
entry both dependently and independently of the transient receptor potential V (TRPV) 
channel OSM-9 for adaptation behavior. We also reveal a critical link between structural 
integrity of AWC and proper cytosolic localization of EGL-4 in AWC. Furthermore, we 
show that diacylglycerol (DAG) signaling and Ca2+ levels are also vital downstream of 
EGL-4’s nuclear translocation for adaptation responses. Our findings indicate that most 
adaptation mutants identified to date are functioning downstream of EGL-4’s nuclear 
entry. We predict that much processing of olfactory information occurs downstream of 
EGL-4’s nuclear entry after prolonged odor exposure, culminating in odor dependent 
adaptation behavior. We anticipate that our description of a genetic model that codifies 
both novel and previously described adaptation mutants will provide a framework for 
more directed dissection of olfactory plasticity in C. elegans.
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Contact: rachelwragg@yahoo.co.uk 
Lab: Komuniecki 
Octopamine inhibits aversive responses to 30 and 100% octanol through 
two different G-protein coupled receptors
Rachel Wragg, Sarah Miller, Lindsay Hughes, Robert Steven, Richard Komuniecki
University of Toledo, Toledo, OH, USA
Nematodes lack an autonomic nervous system and epinephrine/norepinephine 
and instead appear to use tyramine (TA) and octopamine (OA) to modulate many key 
behaviors. In Caenorhabditis elegans distinct TA/OA neurons, receptors and behaviors 
have been identified. Previously, we demonstrated that OA abolishes 5-HT dependent 
increases in responses to dilute (30%) octanol through the G-protein coupled receptor, 
F14D12.6 (Wragg et al., 2007). The ASH sensory neurons are necessary and sufficient 
for detection of 30% octanol, and based on neuron-specific rescue, F14D12.6 appears to 
function in the ASHs to inhibit 5-HT mediated aversive responsiveness to dilute octanol. In 
contrast, the ADL and AWB sensory neurons in addition to the ASHs are all involved in the 
detection of 100% octanol (Chao et al., 2004). In the present study, we have demonstrated 
that OA inhibits aversive responses to 100% octanol in the presence or absence of food 
or 5-HT and this inhibition requires a different, previously uncharacterized, G-protein 
coupled receptor, Y54G2A.35, but not F14D12.6. OA inhibition in y54g2a.35(tm2104) 
null mutants can be restored by the expression of a full length y54g2a.35 transgene that 
includes 5 kb upstream of the predicted ATG. We have confirmed the WORMBASE 
prediction of the y54g2a.35 cDNA by RT-PCR. Interestingly, this cDNA predicts a 
receptor with an extremely short N-terminus that is most identical to mammalian α2A 
adrenergic receptors. Y54G2A.35 clusters with invertebrate OA receptors that couple 
to Gαq. We are currently characterizing the pharmacology and coupling of Y54G2A.35 
after heterologous expression in mammalian cells and Xenopus oocytes. Since two 
different OA receptors, F14D12.6 and Y54G2A.35 appear essential for OA inhibition 
of aversive responses to 30 and 100% octanol, respectively, future studies will focus 
on the identification of the specific neurons and signaling molecules involved in these 
two different pathways of OA inhibition. This work supported by NIH grant AI45147 
to RWK. 
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Contact: jyoung@mills.edu 
Lab: Young 
Investigating The Role Of Protein Kinase A In Olfactory Associative 
Learning
Margaret Scampavia, Emily Little, Kristina Hargraves, Lauren Steinberg, Cindie 
Slightam, Emily Bacon, Emily Eisele, Alison Immel, Tenzin Kundron, Heidy 
Sanchez, Helen Walter, Jared Young
Mills College, Oakland, CA, USA
Worms can learn to associate normally attractive odors with unfavorable stimuli and 
subsequently demonstrate avoidance of the odor to which they have been aversively 
trained. This response represents a type of olfactory associative learning. We are interested 
in the molecular mediators of learning and how they function. The cyclic AMP-dependent 
protein kinase (protein kinase A or PKA) is well established as an important mediator of 
associative learning and memory in several model organisms, and has previously been 
shown to have a role in olfactory associative learning in Drosophila (Li, et al.). We are 
interested to see if PKA also plays a role in olfactory associative learning in C. elegans. 
The gene kin-1 in C. elegans is orthologous to the major PKA catalytic subunit in other 
species and shares >80% identity with the Drosophila PKA catalytic subunit, DC0. We 
are currently investigating the role of KIN-1 in associative learning by reducing KIN-1 
activity in worms using RNA interference, aversively training those worms using a paired 
odorant and acid wash treatment, and testing learning in a chemotaxis assay. Current 
progress on this project will be reported. 
Li W, Tully T, Kalderon D. Effects of a Conditional Drosophila PKA Mutant on Olfactory Learning and 
Memory. Learning and Memory 2:320-333 (1995). 
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Contact: dhurd@sjfc.edu 
Lab: Portman 
Tubulins in Sensory Cilia
Daryl Hurd1, Renee Miller2, Douglas Portman2
1St. John Fisher College, Rochester, NY, USA, 2University of Rochester 
Medical Center, Rochester, NY, USA
The dendritic ends of many C. elegans sensory neurons terminate with primary (non-
motile) cilia, which are microtubule-based cellular extensions required for the sensory 
functions of these cells. Though primary cilia occur in a variety of cell types in animals, 
little is known about the specific tubulins that comprise the axoneme underlying their 
characteristic architecture and function. Recent genomic approaches have identified two 
of nine alpha-tubulins, tba-6 and tba-9, and one of six beta-tubulins, tbb-4, as likely 
components of the microtubule cytoskeleton in ciliated worm neurons. To analyze 
the expression of these tubulin genes, we created and analyzed transcriptional and 
translational fluorescent protein fusions. We found that these tubulins are expressed 
in specific subsets of ciliated sensory neurons in the head of both hermaphrodites and 
males. We also observed that all three are co-expressed in the ray neurons of the male 
tail. To determine the role of these tubulins in vivo, we obtained loss of function mutant 
alleles and constructed all pairwise combinations of double mutants and the triple 
mutant. We observed no major abnormalities in the anatomy, fertility or behavior of 
the single, double or triple mutant hermaphrodites. However, certain single mutants, all 
of the double mutant combinations and the triple mutant showed significant reductions 
in the efficiency of male mating behavior. To analyze the structure of sensory cilia, we 
observed the localization of OSM-6::GFP, PKD-2::GFP and KAP-1::GFP fusion proteins 
in the mutant genotypes. We found that elimination of certain combinations or of all three 
of these tubulins caused a mislocalization of fusion proteins that are normally found in 
cilia. These observations indicate that tba-6, tba-9 and tbb-4 are specifically required 
for the structure and function of primary cilia.
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Contact: morsci@dls.rutgers.edu 
Lab: Barr 
What is the ciliary function of the kinesin-3 family member KLP-6?
Natalia Morsci1, 2, Maureen Barr2
1University of Wisconsin - Madison, 2Rutgers University
The cilium is a specialized cellular organelle used by the cells to convert extracellular 
stimuli into appropriate intracellular responses. In C.elegans males, dendritic cilia are 
essential for male sexual behaviors, including for response to hermaphrodite contact 
and vulva location. All cilia are built by an evolutionarily conserved process called 
intraflagellar transport (IFT), which involves the molecular motors kinesin-2 and dynein 
(Scholey, 2003). However, the molecular mechanism of regulation of ciliary signalling 
receptors, their ciliary delivery and removal is largely unknown. We address the following 
question: what is the ciliary function of tissue-specific kinesin-like protein 6 (KLP-6)?
The kinesin-3 family member klp-6 is expressed in male-specific CEM, RnB and HOB 
neurons and core IL2 neurons (Peden and Barr, 2005). Unlike IFT kinesins we show that 
KLP-6 is not required for cilia building or maintenance, as judged by the cilia structural 
component beta-tubulin TBB-4 and IFT-GFP reporters. We conclude that the sensory 
defects of klp-6 males are due to a defects other than an abnormality in ciliogenesis.
We hypothesize that KLP-6 regulates male-specific ciliary signalling by regulating 
trafficking of its receptors. In klp-6 mutant males, the transient receptor potential 
polycystin-2 (TRPP2) channel PKD-2::GFP aggregates in the distal dendritic/ciliary 
base region, suggesting a defect in PKD-2 vesicular dynamics (Peden and Barr, 2005). 
We took the vesicular marker approach to rule out the possibility that the aggregating 
vesicles are early endosomes, ER, Golgi or recycling endosomes. We are currently testing 
the hypothesis that KLP-6 is required for trafficking of ciliary membrane proteins to 
the multivesicular body (MVB) degradation pathway, as shown for PKD-2 (Hu et al., 
2007).  
Our research will contribute to understanding of the molecular mechanisms of 
functional diversity of such a conserved organelle as cilia.
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Contact: mjs32@buffalo.edu 
Lab: Ferkey 
A Genetic Screen to Identify Suppressors of the grk-2 Quinine Avoidance 
Defect
Meredith Scheider, Angela Chaparro-Garcia, Denise Ferkey
State University of New York at Buffalo, Buffalo, New York
The C. elegans genome encodes over 1000 predicted G protein-coupled receptors 
(GPCRs), many of which are believed to be chemosensory. As a soil dwelling nematode 
that cannot see or hear, C. elegans must rely heavily on their ability to detect chemical cues 
to successfully navigate their environment. It is therefore essential that signaling through 
chemosensory GPCRs be carefully regulated. One mode of regulation is via G protein-
coupled receptor kinases (GRKs), which specifically phosphorylate activated GPCRs 
to terminate signaling. Interestingly, despite the previously described role of GRKs in 
GPCR signal downregulation, C. elegans lacking grk-2 function are not hypersensitive to 
odorants. Instead loss of grk-2 broadly disrupts chemosensation and animals are unable 
to respond to a number of chemical stimuli including octanol (ASH), quinine (ASH), 
diacetyl (AWA) and isoamyl alcohol (AWC) (Fukuto and Ferkey et al., 2004). 
We have hypothesized that in the absence of grk-2 function there may be a compensatory 
down regulation of G protein signal transduction. RGS (regulator of G protein signaling) 
proteins are important negative regulators of GPCR signaling. RGS proteins act as 
GAPs (GTPase activating proteins) to accelerate the rate of GTP hydrolysis and dampen 
signaling through Gα subunits. Loss of eat-16, which encodes an RGS protein, restores 
chemosensory response to diacetyl, detected by AWA, in grk-2 mutant animals (Fukuto 
and Ferkey et al., 2004). This suggested that RGS proteins may be important negative 
regulators of signal transduction. Because it appeared that EAT-16 may downregulate 
AWA chemosensory signaling in the absence of GRK-2, we sought to determine if loss of 
other RGS proteins could restore the chemosensory responses mediated by other sensory 
neurons in grk-2 mutant animals. To date, we have not identified another neuronally 
expressed RGS protein whose loss restores grk-2 mutant animals’ response to octanol 
or quinine (both detected primarily by ASH).
To identify regulators of signaling that may be acting in the absence of grk-2 in the 
ASH sensory neurons, we performed a classical genetic suppressor screen. Using the 
grk-2 sensitized background, we screened 25,000 animals to identify mutations that 
restored the grk-2 response to the tastant quinine. We isolated 7 candidates that we have 
begun to characterize and map using standard mapping techniques. Our current mapping 
and behavioral characterization will be presented. 
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Contact: joy.alcedo@fmi.ch 
Lab: Alcedo 
A Putative Neuropeptide Receptor Is Involved In Assessing Food Types To 
Inhibit Longevity
Wolfgang Maier, Bakhtiyor Adilov, Martin Regenass, Joy Alcedo
Friedrich Miescher Institute, Basel, Switzerland
The lifespan of C. elegans is influenced by its sensory system, but the mechanisms 
that underlie this sensory influence remain largely unknown.  The worm genome 
encodes a large number of predicted neuropeptide receptors, which may modulate the 
information processed by the sensory system and thus affect lifespan.  Consistent with 
this hypothesis, we have found that the putative neuropeptide receptor nmur-1 inhibits 
longevity.  nmur-1, which is expressed in neurons, including sensory neurons, encodes 
a receptor with homology to mammalian neuromedin U receptors (NMURs).
nmur-1 appears to act with the worm’s insulin/IGF-1 receptor, daf-2, to inhibit 
longevity, but functions independent of the daf-2 downstream effector, the FOXO 
transcription factor daf-16.  Interestingly, the lifespan phenotype of the nmur-1 deletion 
mutant is dependent on its bacterial food source, e.g., on the composition of the 
lipopolysaccharide of the bacterial outer membrane. In contrast to wild-type worms 
that adjust their feeding rates in response to different bacterial food sources, nmur-1 
mutants exhibit a blunted response. Together our data suggests that nmur-1 is involved 
in assessing food types to influence lifespan.
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Contact: catherine.au@vanderbilt.Edu 
Lab: Aschner 
Manganese Transport in C. elegans: the Role of the SMF Genes
Catherine Au1, Alexandre Benedetto1, Joel Anderson2, Keith Erikson2, Michael 
Aschner1
1Vanderbilt University Medical Center, Nashville, (TN), USA, 2University of 
North Carolina, Greensboro, (NC), USA
Manganese (Mn) is an essential trace element for normal human development and 
vital enzymatic activities. However, occupational exposure to high levels of Mn has 
been implicated in a Parkinsonian-like syndrome known as manganism. Since the initial 
discovery of Mn-induced pathogenesis, much effort has been put forth in order to study 
the mechanism of uptake and the potential adverse effect of manganism. In the present 
study, we use C. elegans to understand the mechanisms of Mn transport across biological 
membranes. In wildtype (WT) C. elegans, acute Mn treatment induces strong osmotic 
defects eventually leading to death. It was shown in mammalian systems that Mn2+ can 
cross the blood-brain barrier through the divalent metal transporter DMT1/NRAMP2. The 
C. elegans genome encodes three DMT1 orthologues (SMF-1, SMF-2, SMF-3). When 
compared with WT, C. elegans deletion-mutants smf-1(eh5) and smf-3(ok1035) exhibited 
an increased resistance to Mn exposure while smf-2(gk1330) was more sensitive. In 
accordance with those observations, the Mn content ofsmf-2(gk1330) after Mn exposure 
was greater than WT, smf-1(eh5) and smf-3(ok1035), the latter taking up less Mn than 
all the other mutants. SMF-1::GFP and SMF-3::GFP were found co-expressed in the gut 
and the major epidermis hyp7, which likely account for most Mn uptake, while SMF-
2::GFP was mainly expressed in the “mc1-3” and “vpi1-6” cells. The combination of 
our data allows us to propose a model for Mn transport and SMF roles in C. elegans. 
This work establishes C. elegans as a valuable model to study Mn transport and toxicity. 
Given the similarity of DMT1/NRAMP2-related genes from worms to human, it may 
also provide insights into the Mn-dependent regulation of the NRAMP family of proteins 
in vertebrates. This project is funded by R01 ES10563 to MA.
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Contact: alexandre.benedetto@vanderbilt.edu 
Lab: Aschner 
Manganese and Dopamine: a perilous combination?
Alexandre Benedetto, Catherine Au, Michael Aschner
Vanderbilt University Medical Center, Nashville, (TN), USA
Manganese (Mn) is essential for normal human development and vital enzymatic 
activities. However, occupational exposure to high levels of Mn has been implicated in a 
Parkinsonian-like syndrome known as manganism, primarily affecting the dopaminergic 
(DAergic) system. We hypothesized that the commonalities in clinical and physiological 
symptoms exhibited in both Parkinson’s disease (PD) and manganism patients, at least 
partially, rely on common molecular pathways. In this study, we used C. elegans strains 
mutated for PD and DAergic circuitry-specific genes and evaluated their sensitivity to 
acute Mn exposure. We first show that acute Mn treatments specifically lead to DAergic 
neuron degeneration, while sparing other neurotransmitter systems, such as GABAergic 
or cholinergic neurons. We further establish that the dopamine (DA) transporter knock-
out dat-1(ok157) and the DA receptor dop-2(vs105);dop-1(vs100);dop-3(vs106) triple 
mutant are hypersensitive to Mn exposure. Conversely, the vesicular monoamine 
transporter 2 cat-1(e1111) and the tyrosine hydroxylase cat-2(e1112) mutants are hyper-
resistant. Combined with measurements of DA content in these strains, our results suggest 
that elevated DA levels sensitize the worm to Mn toxicity. Interestingly the serotonin 
transporter mutant mod-5(n3314) exhibited high DA levels comparable to dat-1(ok157), 
but was not hypersensitive to Mn. We propose that extracellular rather than intracellular 
dopamine is involved in Mn toxicity in C. elegans, which would explain the sensitivity 
of DAergic neurons to Mn exposure. Together, our data establish C. elegans as a suitable 
model for studies on genetic pathways involved in manganese toxicity and PD. This 
project is funded by R01 ES10563 to MA.
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Contact: mallory.l.hacker@vanderbilt.edu 
Lab: Miller 
The Coenzyme Q Synthesis Gene coq-1 Protects C. elegans GABA Neurons 
from Calcium-Dependent Programmed Necrosis
Laurie Earls, Joseph Watson, Mallory Hacker, David Miller, III
Vanderbilt University, Nashville, (TN), USA
Coenzyme Q is a required component of the mitochondrial electron transport chain 
and essential for normal energy metabolism. CoQ deficiency in humans causes cerebellar 
ataxia and myopathy, indicating that selected tissues are especially sensitive to reduced 
levels of CoQ. To develop a model for these degenerative diseases in C. elegans, we 
used RNA interference (RNAi) to knock down expression of coq-1, the initial enzyme 
in the CoQ biosynthetic pathway. We found that RNAi of coq-1 expression resulted 
in a progressive uncoordinated, or Unc, phenotype and necrotic degeneration of 
GABA neurons. Both the degenerative and Unc phenotypes emerge during late larval 
development and progress in adults. Neuron classes in motor and sensory circuits that 
utilize other neurotransmitters (dopamine, acetylcholine, glutamate, serotonin) and body 
muscle cells did not degenerate upon RNAi depletion of coq-1. The mechanism of GABA 
neuron cell death depends on the release of intracellular calcium stores and requires the 
apoptotic gene ced-4 (Apaf-1). Additionally, degeneration requires drp-1, implicating the 
need for mitochondrial fission machinery. We conclude that the neuron specificity and 
developmental progression of the coq-1 knockdown phenotype in C. elegans resembles 
that of CoQ deficiency in humans and therefore may provide a useful model system for 
studies of this and related neurodegenerative diseases. 
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Contact: kah59@humboldt.edu 
Lab: O’Gara 
Copper exposure damages both dopaminergic and GABAnergic neurons in 
Caenorhabditis elegans
Kathryn Hedges, Bruce O’Gara
Humboldt State University, Arcata, (California), USA
Accumulation of copper in the central nervous system is associated with many 
neurodegenerative diseases, and possibly to dopaminergic (DA) neuron loss in Parkinson’s 
Disease (PD). In addition to the primary role in PD of DA degeneration, an additional 
role for GABAnergic neurons in PD is supported by successful symptomatic relief by 
deep brain stimulation of GABA neurons in the globus pallidus. Since the cause of 
GABA neuron hypoactivity is unknown, the role of copper-induced degeneration is open 
for investigation. Previous research has shown that some neurotoxins that are similar 
in structure to the neurotransmitter dopamine are selectively taken up via the dopamine 
transporter (DAT-1) and destroy the neuron from within via oxidative stress. Free copper 
(Cu2+) induces oxidative stress in cells and is known to form complexes with DA. 
Although in vitro and cell culture studies have shown that neurons can import Cu-DA 
complexes, selective DA neuron damage by Cu2+ has not yet been demonstrated in an 
intact animal. This study uses the nematode Caenorhabditis elegans to demonstrate that 
Cu2+ exposure can selectively damage DA and GABA neurons. The use of C. elegans 
strains with green fluorescent protein (GFP) tags in DA neurons, GABA neurons, or all 
neurons allow comparison of the effects of Cu2+ on different populations of neurons. 
Neuronal somata and processes were readily visualized by fluorescence microscopy in 
L1 larvae. Synchronized cultures of L1s were exposed to 0.5- 4.0 mM CuSO4 in 2X K 
medium. L1s were mounted on 3% agarose pads and viewed by fluorescence microscopy 
at 400X. Examination of animals with GFP-tagged DA or GABA neurons exposed to 
CuSO4 for at least 4 hours showed time- and concentration-dependent damage (blebbing 
or broken processes) compared to controls, with damage evident in all animals treated 
at least 6 hours at concentrations of 1.0 mM or more. Animals with pan-neuronal GFP 
did not suffer widespread neuron damage at the same concentrations of CuSO4, thus 
demonstrating a differential effect of Cu2+ on DA and GABA neurons compared to other 
neuron types. Although infiltration of DA neurons via DAT-1 may explain the effects of 
Cu2+, another mechanism would be responsible for the effects on GABA neurons. The 
observation that DA and GABA neurons have a higher susceptibility to copper-induced 
damage may have implications for prevention of Parkinson’s Disease or the slowing of 
disease progression in affected individuals. 
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Contact: P.Ibanezcruceyra@dundee.ac.uk 
Lab: Gartner 
C.Elegans as a Model for Parkinson’s Disease
Pablo Ibáñez Cruceyra, Louise Chapman, Dario Alessi, Anton Gartner
The University of Dundee
Parkinson’s disease (PD) is characterized by severe incapacitating motor symptoms 
primarily caused by the progressive and selective loss of the dopaminergic neurons of 
the substantia nigra. Exposure to toxins like 6-OHDA, MPTP and pesticides (Rotenone, 
Paraquat) is linked to PD. Independently, mutations affecting α-synuclein, Parkin, 
UCHL1, DJ1, PINK1 and LRRK2 have been linked to familial forms of PD. To further 
dissect the mechanisms underlying dopaminergic neuronal death, we aim at exploiting 
the nematode C. elegans as the simplest possible experimental model organism. 
Our approaches benefit from a system that allows scoring the selective loss of 
the eight dopaminergic neurons of hermaphrodite worms as previously described 
by Nass et al., 2002. We follow two strategies: a “known gene” approach, aiming 
at understanding the function of genes causing dopaminergic death and a genetic 
screen to uncover potentially new genes involved in dopaminergic neurodegeneration. 
 As most genes involved in PD are conserved in worms, we started by looking at the 
survival of dopaminergic neurons in PINK-1 (pink-1) and LRRK2 (lrk-1) knockouts 
upon 6-OHDA intoxication. While our preliminary studies haven’t shown any overt 
worm phenotype or increased neurodegeneration, ongoing studies explore further 
intoxication regimes. In parallel, we started overexpressing dominant PD genes 
and genes implicated in the metabolism of dopamine in the worm dopaminergic 
system to observe potential resulting phenotypes. The transgenic strains will 
further be crossed with mutants defective in dopamine metabolizing enzymes in 
order to uncover potentially deleterious dopamine metabolites and used to test for 
drugs aiming at preventing or rescuing neurons from the degenerative process. 
 Our second ongoing project aims at setting up genetic screens to identify genes that protect 
worms form dopaminergic neurodegeneration, to analyze their role in the degenerative 
process and their link to known PD genes. The identification of two potential mutants 
tends to validate this approach. If confirmed and mapped, the corresponding genes will 
be studied as described above. 
We hope that our work will help to uncover genes and mechanisms involved in the 
dopaminergic cell death and that this, in the long term, will also allow to test and select 
for pharmacological drugs protecting from PD. 
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Contact: rkeow001@umaryland.edu 
Lab: Luo 
Study of ginkgolides and bilobalide combinations in a C. elegans model for 
Alzheimer’s disease
Roongpetch Keowkase, Edward Moreton, Yuan Luo
University of Maryland School of Pharmacy, Baltimore, Maryland, USA
Alzheimer’s disease (AD) is a progressive neurodegenerative disorder for which there 
is no cure. Treatment is limited to a few FDA approved drugs (e.g., donepezil, galantamine, 
and memantine). This problem has led to the current challenge in drug discovery to 
develop multitarget drugs or combination drug therapy. EGb 761 is a standardized extract 
of Ginkgo biloba leaves shown to have potential benefit in various models of AD. The 
neuroprotection by EGb 761 is thought to reflect the action of several components in the 
extract including ginkgolides and bilobalide. The objective of this study was to elucidate 
possible synergistic or additive protective effects of the combination of individual 
constituents of EGb 761. The nematode Caenorhabditis elegans (C. elegans) was used 
as a model for AD. Our previous study showed that EGb 761 reduced serotonin (5-HT) 
sensitivity in C. elegans suggesting that constituents of EGb 761 may directly modulate 
5-HT synaptic transmission. Using the well-established serotonin-dependent egg-laying 
behavior assay, we showed that ginkgolide B (1.0 µM), ginkgolide J (70 µM) and 
bilobalide (1.0 µM) inhibited 5-HT-induced egg-laying by 63.21%, 54.65 % and 16.35%, 
respectively. However, the combination of ginkgolide B and bilobalide did not produce 
an additive or synergistic effect on the inhibition of egg-laying. Besides the inhibitory 
effect on 5-HT-induced egg-laying by some constituents of EGb 761, one constituent 
namely ginkgolide A, showed a contrasting effect by increasing 5-HT-induced egg-laying 
by 57.31%. Using the paralysis assay, we showed that ginkgolide A and ginkgolide J 
produced a significant delay of amyloid beta-induced paralysis in transgenic C. elegans 
model of AD. Similary, the combination of ginkgolide A and ginkgolide J did not produce 
any additive or synergistic effect. Instead, the protective effect of the combination is 
less than that of either constituent alone. The mechanisms underlying these interactions 
between single constituents of EGb 761 are under investigation. A better understanding 
of neuroprotective mechanisms of constituents of EGb 761 will have major impact on 
development of more effective therapy for treatment of AD. 
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Contact: randi.rawson@gmail.com 
Lab: Jorgensen 
Axon Degeneration and the Cell Death Pathway
Randi Rawson1, 2, Marc Hammarlund1, Erik Jorgensen1, 2
1HHMI, Biology Department, University of Utah, Salt Lake City, UT, USA, 
2Program in Neuroscience
We are studying axon degeneration in C. elegans using a genetic model in which 
axons break spontaneously.  unc-70 encodes beta-spectrin, a component of the membrane 
cytoskeleton. In unc-70 mutants axon elasticity is compromised and axons break under 
the physical strain of movement. After a break occurs the distal portion of the axon 
degenerates. We hypothesize that degeneration is a regulated and genetically encoded 
process and predict that this is accomplished through the cell death pathway. 
To test whether genes required in cell death are also required for axon fragment 
degeneration, we crossed cell death mutants into beta-spectrin null animals. We examined 
the role of the core apoptotic pathway as well as the engulfment pathways. We assayed 
degeneration by visualizing the GABA motor neurons using confocal microscopy and 
Punc-47::GFP. 
The core apoptotic pathway involves the caspase, ced-3, and its upstream regulators, 
ced-9 and ced-4.  Due to the amount of degeneration occurring in unc-70, there is usually 
only a small portion of the GABA dorsal cord present at the L4 stage. We observed that 
cell death-defective alleles of ced-3, 4, and 9 resulted in an increase in the amount of 
GABA dorsal cord compared to controls. 
Two parallel engulfment pathways act to remove cell corpses after apoptosis. Mutants 
for ced-1, 6, and 7 all had an increased amount of debris compared to controls. Mutants for 
ced-2, 5, and 12, however, did not differ from controls. Thus, engulfment of axon debris 
seems to require only one of the two pathways that function in cell corpse removal. 
We are currently conducting laser axotomy experiments to confirm the unc-70 results 
in a wild-type background.
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Contact: jns20@bath.ac.uk 
Lab: Hart 
Genetic Dissection of Spinal Muscular Atrophy(SMA) in Drosophila and C. 
elegans
James Sleigh1, 2, Jevede Harris1, 2, Tom Barsby1, 2, Amy Walker1, 2, Anne Hart1, 2
1Massachusetts General Hospital Center for Cancer Research, Charlestown, 
MA, USA, 2Harvard Medical School, Department of Pathology, Boston, MA, 
USA
Spinal Muscular Atrophy (SMA) is characterized by the selective loss of 〈-motor 
neurons in the anterior horn of the spinal cord leading to skeletal muscle wasting and 
ultimately, paralysis. Affecting approximately 1 in 6000 live births, SMA is the leading 
genetic cause of infant mortality and results from diminished function of the Survival of 
Motor Neuron 1 (SMN1) gene.  The SMN1 protein is essential for cell viability and has 
been implicated in a number of diverse nuclear processes including mRNA translation, 
splicing and ribosome formation. SMN1 has also been shown to play a role in stress 
granule formation and axonal mRNA transport. However, it is unclear precisely which 
role of SMN1 is important for the disease progression and why such a ubiquitously and 
constitutively expressed protein should have such a selective effect on the nervous system 
and its constituent cell types.
In collaboration with the Artavanis-Tsakonas and van Vactor laboratories, we have 
initiated genetic studies in both Drosophila and C. elegans to identify genetic modifiers 
of the SMN loss-of-function defects and to elucidate molecular pathways relevant to 
the disease. Loss-of-function alleles for SMN genes exist in C. elegans (smn-1) and 
Drosophila (Smn), and in both species loss of SMN function results in developmental 
delays and lethality. Specific to C. elegans, mutations in smn-1 also result in behavioral 
defects including abnormal germ line migration and increased sensitivity to osmotic 
stress.
Putative hits from the Drosophila growth screen and candidate genes including 
known human SMN1-interacting genes were first analyzed in C. elegans in a smn-1 
mutant background using RNAi. A genome-wide RNAi screen for genetic modifiers of 
smn-1 growth defects was then undertaken using the COPAS Biosorter. These methods 
have yielded six potential modifiers of the smn-1 mutant phenotype; so far, at least two 
also modify the Drosophila SMN mutant phenotype. Currently, these six genes and the 
remaining hits from the Drosophila screen are being analyzed in detail for exacerbation 
or amelioration of the smn-1 growth phenotype and behavioral defects. This work will 
hopefully reveal the pathways involved in the pathology of SMA and offer clues to 
possible treatment methods for SMA patients.
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Contact: hammarlund@biology.utah.edu 
Lab: Bastiani 
A Genetic Screen for Axon Regeneration
Marc Hammarlund1, 2, Paola Nix1, Linda Hauth1, Erik Jorgensen1, 2, Michael 
Bastiani1
1University of Utah, Salt Lake City, (UT), USA, 2HHMI
Damaged axons can sometimes regenerate and recover function, but the requirements 
for successful regeneration are poorly understood. This lack of understanding limits 
development of treatments for nerve damage (such as traumatic spinal cord injury and 
neurodegenerative disease). We are performing a genetic screen in C. elegans for genes 
involved in axon regeneration. 
We are using a mutant background (unc-70) in which axons spontaneously break and 
regenerate (1). Since most GABA commissures in the unc-70 background are produced 
by regeneration,  knockdown of a regeneration gene should reduce GABA commissure 
number. We used OrthoMCL to select approximately 5,500 genes for screening that are 
orthologous between C. elegans and human (2). For each of these genes, we are assaying 
the effect of RNAi knockdown on regeneration in the unc-70  background. The GABA 
motor neurons are visualized by GFP. We also include the eri-1 lin-15 genotype to sensitize 
neurons to RNAi (3, 4). In each experiment, GABA commissures in approximately 10 
animals are scored under a compound microscope. 
To date, this screen has identified over 60 genes that are likely required for regeneration. 
To confirm the regeneration phenotype we are using laser axotomy to trigger regeneration 
rather than the unc-70 genetic background. So far, these experiments confirm that most 
genes identified in the screen are required for regeneration. Genes identified in our 
screen are associated with a variety of cellular processes, including signal transduction, 
transcription, the cytoskeleton, and the extracellular matrix. Understanding how each 
of these genes contributes to the cell biology of successful regeneration will add to our 
understanding of how neurons regenerate, and suggest potential therapeutic targets. 
One essential component of regeneration that our screen has identified is the MAPKKK 
dlk-1. Please see the abstract by Nix et al. for details on these results. 
1. J Cell Biol 2007, 176 (3), 269-75. 
2. Genome Res 2003, 13 (9), 2178-89. 
3. Nature 2004, 427 (6975), 645-9. 
4. Nature 2005, 436 (7050), 593-7. 
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Contact: ninglis@sfu.ca 
Lab: Leroux 
Meckel-Gruber Syndrome-Related Proteins Localise At The Base Of Cilia To 
Regulate Insulin Signaling
Chunmei Li1, Nathan Bialas1, Peter Inglis1, Jeremy Parker1, Erica Davis2, Michael 
Healey1, Jonathan Robinson2, Nicholas Katsanis2, Lynne Quarmby1, Michel 
Leroux1
1Simon Fraser University, Burnaby, British Columbia, Canada, 2Johns 
Hopkins University School of Medicine, Baltimore, Maryland, USA
Meckel syndrome (MKS) is a developmental disorder associated with central nervous 
system malformations, cystic kidney disease, liver fibrosis and polydactyly. An identifying 
feature of MKS1, one of three MKS-associated proteins identified to date, is the presence 
of a B9 domain of unknown function. Our comprehensive phylogenetic analyses reveal 
that this domain occurs exclusively within a family of three proteins distributed widely 
in ciliated organisms. We show that all three C. elegans B9 domain-containing proteins, 
MKS-1 and MKS1 related proteins 1 and 2 (MKSR-1, MKSR-2), localise to transition 
zones (akin to basal bodies) at the base of sensory cilia. Their subcellular localisation 
is largely co-dependent, consistent with a functional relationship between the three 
proteins. Importantly, this localisation is evolutionarily conserved, since the three human 
orthologues also localise to basal bodies. Single, double and triple C. elegans mks/
mksr mutants do not display overt ciliary structure defects based on fluorescencent cilia 
markers and electron microscopy observations. Moreover, live imaging of GFP-tagged 
intraflagellar transport (IFT) proteins reveal no anomalies in the ciliary transport system 
that is responsible for the transport of ciliary cargo, and hence, ciliogenesis. Lastly, no 
chemosensory defects are observed in the mutants. We demonstrate, however, genetic 
interactions between all double mks/mksr mutant combinations, which manifest as an 
increase in lifespan. Such a longevity phenotype is often associated with clear defects 
in ciliary structures, for example those observed in IFT gene mutants. We also show that 
the lifespan changes are mediated through anomalies in the DAF-2-DAF-16-dependent 
insulin signaling pathway. These results suggest that the B9 domain-containing proteins 
play important roles in supporting the insulin-signaling pathway at the base of cilia, 
perhaps by regulating the entry of particular signaling molecules. Overall, our findings 
therefore demonstrate functional interactions between members of a novel protein family, 
and provide new insights into the molecular etiology of a pleiotropic human disorder. 
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Contact: cli@sci.ccny.cuny.edu 
Lab: Li 
Lifespan Effects of APL-1, a C. elegans Protein Related to Human Amyloid 
Precusor Protein
Collin Ewald1, Chris Li2
1Graduate Center of the City University of New York, New York, NY, USA, 
2City College of the City University of New York
Alzheimer’s disease is a progressive neurodegenerative disease that affects individuals 
late in life.  Mutations in an Amyloid Precursor Protein (APP) gene have been correlated 
to some cases of early-onset familial Alzheimer’s disease, suggesting that disrupting the 
APP gene is one of the causative factors in Alzheimer’s disease.  Two postmortem criteria 
used in the definitive diagnosis of Alzheimer’s disease is the presence of neurofibrillary 
tangles and dense plaques.  The major component of the dense plaques is the beta-amyloid 
peptide, which is derived from the amyloid protein precursor (APP).  The function of 
APP and the regulation of its processing are still poorly understood.  
We are interested in studying the function of APP.  C. elegans has one APP-related 
gene, apl-1.  Knockout of apl-1 leads to larval lethality, which can be rescued by germline 
transformation with an apl-1 genomic fragment.  Interestingly, the apl-1 lethality can also 
be rescued by transformation with only the extracellular domain of APL-1.  In addition, 
although apl-1 is expressed in many cell types, including neurons, muscles, and supporting 
cells, expression of APL-1 in neurons is also sufficient to rescue the apl-1 lethality.  To 
determine whether APL-1 must be expressed in specific neurons or in specific numbers 
of neurons, we are expressing APL-1 in different subsets of neurons.   
High levels of APL-1 also cause many phenotypes.  In particular, transgenic 
overexpression of apl-1 can cause an incompletely penetrant larval lethality, which is 
enhanced at higher temperatures (e.g., 27oC); the lethality does not appear to be due 
to activation of an apoptotic pathway.  We are testing whether the lethality is due to 
activation of a necrotic or autophagy pathway or an ERAD stress response.  In addition, 
overexpression of apl-1 shortens lifespan.  By contrast, neuronal overexpression of 
apl-1 increases lifespan.  We will determine whether these lifespan effects are mediated 
by insulin signaling.  Understanding the pathways through which APL-1 functions may 
give insights into the function and regulation of APP in higher animals. 
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Contact: enrico.schmidt@biologie.uni-freiburg.de 
Lab: Baumeister 
The Parkinson’s Disease Related Kinases LRK-1 and PINK-1 are Functionally 
Connected via Rho family GTPases in C.elegans
Enrico Schmidt, Julia Sämann, Natalja Tscherwinski , Ursula Schäffer, Monika 
Messerschmid, Erika Gromoff, Ralf Baumeister
University Freiburg, Center for Systems Biology (ZBSA), Freiburg Germany
Parkinson’s Disease (PD) is characterized by the loss of projection neurons in the 
substantia nigra. Dominant mutations in α-synuclein and LRRK2 (leucine-rich-repeat 
kinase) and recessive mutations in Parkin, DJ-1 and PINK1 (PTEN-induced kinase) 
segregate with the familial variants of PD. Mutants in these genes have been linked to 
mitochondrial dysfunction and oxidative as well as ER stress vulnerability. However, a 
contribution of these mutants to the pathological processes, the first manifestations of 
which are cytoskeletal defects, is not known at present. Studies in mammalian support 
the idea that PINK1 forms a protein complex with DJ-1 and acts in the same pathway as 
Parkin. Furthermore, a biochemical interaction between LRRK2 and Parkin was suggested 
recently. Taking these multiple functional interactions into account, we reasoned that 
LRK-1 and PINK-1 could contribute to overlapping biological functions. In order to 
identify common targets for the kinases we created a protein interaction network of PD-
related proteins based on genetic and biochemical approaches. Bioinformatical analyses 
of the interaction network suggested a possible connection of the PD-related kinases to 
members of the family of Rho GTPases and their targets and regulators, which are key 
players of the cytoskeletal regulation. Using combined pharmacological and genetic 
methods we were able to confirm the bioinformatical prediction. We show that both 
LRK-1 and PINK-1 affect axon guidance and cell migration in C. elegans via the small 
GTPases of the Rho family. 
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Contact: gsliwoski@mclean.harvard.edu 
Lab: Buttner 
Identification of Clozapine Effects on the Insulin Signaling Pathway in 
Caenorhabditis elegans
Gregory Sliwoski1, Rakesh Karmacharya1, 2, Bruce Cohen1, 2, Edgar Buttner1, 2
1Mclean Hospital, Belmont, MA, 2Harvard Medical School, Boston, MA
Clozapine is an atypical antipsychotic drug that displays unique efficacy in treatment-
refractory schizophrenia and that produces minimal extrapyramidal side effects.   The 
molecular mechanisms underlying clozapine’s profile of therapeutic and toxic effects 
remain unknown.  Taking a genetic approach to this problem, we have characterized a 
range of clozapine-induced developmental and behavioral phenotypes in C. elegans. 
Here we report studies of clozapine’s developmental phenotype, a complete arrest 
at the L1 and L2 larval stages.  Larval arrest was also seen with the active clozapine 
metabolite N-desmethyl clozapine but was not observed with other atypical or typical 
antipsychotic drugs.  Using a candidate gene approach, we discovered a role for the  the 
insulin signaling pathway in clozapine-induced larval arrest.  Loss-of-function mutations 
in age-1 produce a strong suppression of arrest, while daf-2(lf) and lin-14(lf) produce 
weaker but significant suppression.  We found that the rate of pharyngeal pumping in 
clozapine-arrested larvae is severely reduced and that this reduction is suppressed in age-
1(lf) mutants.  Consistent with the notion that clozapine activates the insulin signaling 
pathway, we found that DAF-16::GFP is cytoplasmically localized in clozapine-arrested 
larvae.  In addition, we found that clozapine exposure induces expression of AGE-1::GFP. 
Our findings demonstrate drug-specific interaction between clozapine and the insulin 
signaling pathway in C. elegans and hold implications for understanding the unique 
effects of clozapine in humans. 
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Contact: serge@chinook.uoregon.edu 
Lab: Lockery 
Simultaneous recording of neuronal activity and behavior in freely 
crawling worms
Serge Faumont1, Gary Rondeau2, Tod Thiele1, Matthew Sottile1, John Zemek2, 
Shawn Lockery1
1University of Oregon, Eugene, OR, USA, 2Applied Scientific Instrumentation, 
Eugene, OR, USA
The ability to record neuronal activity and behavior simultaneously is one of the few 
remaining obstacles to the goal of a comprehensive understanding of the C. elegans 
nervous system.  Such recordings have not so far been achieved at high resolution (63x) 
in unrestrained, freely crawling nematodes, because the target neuron moves through the 
field of view in a fraction of a second.  Here we present a new tracking system, developed 
in co-operation with Applied Scientific Instruments (Eugene, OR), that solves this problem 
by recentering the neuronal image in real time.  The system operates by diverting a fraction 
of the light that usually goes to the Ca2+ imaging camera to a quadrant photomultiplier 
tube (PMT) which functions as a high-speed four-pixel camera.  The differences in light 
intensity among the four quadrants are used to monitor the displacement of the target with 
respect to the optical axis of the microscope.  The displacement signal is then converted 
into commands to a motorized stage which compensate for the displacement in real time. 
Because the system is realized in analog circuitry, and requires no image processing, 
recentering of the target is extremely fast, occurring on the timescale of milliseconds.  A 
second camera records the worm’s behavior via a wide-field objective.  The two cameras 
are synchronized to provide a continuous record of neuronal activity and behavior. The 
system is augmented by image registration software that corrects for image rotation 
associated with head swings and other correlates of locomotion to keep cells of interest 
fixed for the duration of the movie.  As proof of principle, we have successfully recorded 
Ca2+ transients in interneurons with cell bodies in the head, and motor neurons with cell 
bodies in the ventral cord.  The new system is likely to accelerate studies of the neuronal 
control of behavior in C. elegans.  NIH MH51383. 
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Contact: bejohnson@stanford.edu 
Lab: Goodman 
The Parallel Worm Tracker: A Platform for Measuring Average Speed and 
Drug-induced Paralysis in Nematodes
Daniel Ramot1, Brandon Johnson1, Tommie Berry, Jr.2, Lucinda Carnell3, Miriam 
Goodman1
1Stanford University, Stanford, CA, 2Morehouse College, Atlanta, GA, 
3Central Washington University, Ellensberg, WA
Caenorhabditis elegans locomotion is a simple behavior that has been widely used 
to dissect genetic components of behavior, synaptic transmission, and muscle function. 
Many of the paradigms that have been created to study C. elegans locomotion rely on 
qualitative experimenter observation.   Here we report the implementation of an automated 
tracking system developed to quantify the locomotion of multiple individual worms in 
parallel.  
  The tracker utilizes a video camera attached to a zoom lens and a software package 
implemented in MATLAB®.  We demonstrate several proof-of-principle applications 
for the tracker including measuring speed in the absence and presence of food and in 
the presence of serotonin.  We further use the tracker to automatically quantify the time 
course of paralysis of worms exposed to aldicarb and levamisole and show that tracker 
performance compares favorably to data generated using a hand-scored metric.  
Although this is not the first automated tracking system developed to measure C. 
elegans locomotion, our tracking software package is freely available and provides a 
simple interface that includes tools for rapid data collection and analysis.  By contrast 
with other tools, it is not dependent on a specific set of hardware.  We propose that 
the tracker may be used for a broad range of additional worm locomotion applications 
including genetic and chemical screening.  
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Contact: awetzel@psc.edu 
Lab: Wetzel 
Large-scale Automated Alignment of C. elegans TEM Serial Section Volumes
Arthur Wetzel1, Greg Hood1, David Hall2, Richard Fetter3
1Carnegie Mellon University, Pittsburgh, PA, 2Center for C. elegans Anatomy, 
Albert Einstein College of Medicine, Bronx, NY., 3Howard Hughes Medical 
Institute, Janelia Farm Research Campus, Ashburn, VA.
The understanding of anatomical structure and function is is based on accurate 
knowledge of 3D relationships typically derived from 2D images. Studies of cell biology, 
morphogenesis, neural connections and other research use large numbers of optical or 
TEM serial images. Although many useful relationships are visible in specific 2D images 
a broader more rapid understanding can be obtained from 3D representations that preserve 
geometry over a large volume.  A number of web resources, including WormAtlas and 
WormImage, provide searchable access to 2D images, depictions of surface models, and 
other C. elegans reference materials. 
We have been working to develop a next generation web framework for distributing 
C. elegans and other anatomical datasets in 3D volumetric formats that enable interactive 
viewing and analysis from any orientation rather than just original image planes.  The 
core user interface, the PSC Volume Broswer, provides graphical controls designed 
for interactive manipulation of 3D models and volumes.  Users work from their own 
Mac or PC computers to interactively view and analyse datasets up to terabyte scales 
that are stored on remote volume servers or work with local datasets up to ~2 GBytes. 
The system is designed to support multiple data modalities which will eventually allow 
integration of optical and gene expression data. This poster and associated computer 
demonstration show the current state of our prototype applied to a C. elegans embryo and 
larval TEM image sets captured by Richard Fetter while working in the Bargmann lab 
at The Rockefeller University. 
The greatest technical challenge in using TEM data is the lack of registration between 
slices rather than the overall size of the data. To provide useful views of TEM datasets 
from arbitrary orientations and simplify the processes of 3D segmentation and model 
construction data must be volumetrically coregistered.  This process must cope with large 
nonlinear deformations between slices, artifacts, missing slices, intensity variations and 
other issues. This is a computationally demanding task.  Our current alignment code, 
used to align the Fetter data, runs on a mid-size 32 processor system at the Pittsburgh 
Supercomputing Center and produces quality 3D alignment of 700 sections in a few 
hours.  We are working to improve the speed and quality of this process to test it on 
portions of the AECOM image collection and make the process available to the research 
community. 
Poster Topic: 06 Technical Advances 
200
Contact: mxu@aecom.yu.edu 
Lab: Emmons 
Computer Software for Nervous System Reconstruction
Meng Xu, Scott Emmons
Albert Eistein College of Medicine
Reproducible patterns of synaptic connectivity are fundamental properties of nervous 
systems that determine their function. Yet until recently, complete connectivity, which 
requires electron microscopy, could only be determined for the simplest nervous systems. 
Reconstruction of the C. elegans hermaphrodite nervous system was accomplished over 
20 years ago taking advantage of its simple architecture, which features relatively stable 
bundles of unbranched processes and enpassant synapses. In order to make possible 
reconstructions of more complex neural structures, such as those found in the C. elegans 
male, we developed a software platform for computer-assisted reconstruction. Our 
program, called Elegance (initial version written by Metahelix Life Sciences Pvt Ltd and 
M. Xu), facilitates the recording of data from digitized electron micrographic images on 
the computer screen. Elegance uses a Graphic User Interface based on cross-platform 
JAVA2 technology which can be run on various operating systems like PC, Linux and 
Mac. The Elegance interface saves data entered with the mouse about locations of neuron 
profiles and their connectivity and synaptic relationships in a MySQL database. From 
the data tables, Elegance creates various types of neuron maps and synapse lists. Using 
Elegance to analyze an existing series of 1000 high power electron micrographs through 
the C.elegans male pre-anal ganglion, two people were able to determine the structure 
of this ganglion in six months. The data set includes over 110,000 neuron profiles from 
some 120 neurons engaged in over 11,000 synaptic interactions. Elegance extends our 
ability to define the phenotype through analysis at the ultrastructural level with the electron 
microscope. It is available at our website http://worms.aecom.yu.edu. 
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Single Neuron Dissection From the Retrovesicular Ganglion
Jessica Jarecki, Kari Andersen, Antony Stretton
University of Wisconsin Madison
Despite striking conservation of cellular neuroanatomy between Ascaris suum and 
Caenorhabditis elegans, neuropeptide expression has be shown to be dramatically 
different in these two species. In depth analysis of these differences has been greatly aided 
by the use of matrix-assisted laser desorption/ionization mass spectrometry (MALDI-MS). 
MALDI-MS allows for rapid, parallel analysis of neuropeptides directly from tissue or 
from tissue extracts. Direct analysis of tissue has several advantages including maintained 
spatial locality and minimal sample loss, but has so far been limited to whole ganglia in 
Ascaris. Our aim has been to extend the MS analysis to the single cell level. However, 
isolation of single cells has previously been difficult due to the close association between 
neurons and hypodermis. We present here dissections of single AVF neurons from the 
retrovesicular ganglion (RVG). 
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